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SUMMARY OF NORTH AMERICAN BLANCAN 
NONMARINE MOLLUSKS! 


D. W. Taylor 


U. 5. Geological Survey, and Research Associate, 
University of Michigan 
Museum of Zoology, Ann Arbor, Michigan, U.S. A. 


ABSTRACT 


All known North American nonmarine mollusks of Blancan (late Pliocene and 
early Pleistocene) age have been here fitted into the available framework of 
associated fossils, physical stratigraphy and radiogenic potassium-argon dates. 
Many of the independently dated molluscan assemblages are so similar to other 
faunas that most of the fossils summarized can be assigned confidently to the 
Blancan age. These assignments permitted compilation of lists of last appear- 
ances of genera and families that are unknown during or after Blancan times. 
About 50-55 Blancan assemblages are known, and together with about 10-15 older 
or younger faunas included for convenience of discussion they are summarized 
under 57 local geographic headings (map, Fig. 1). 

For each local assemblage the following data have been given so far as possi- 
ble: location, previous references to mollusks, stratigraphic unit and most 
recent geologic maps, number of species of mollusks, mention of other fossils 
fromthe same locality or formation, age, institution where fossils are preserved, 
and most recent topographic maps. The detail of treatment varies widely, 
according to available information, progress of knowledge since previous liter- 
ature and the usefulness of new information. Lists of species are included 
usually only if the fauna is revised or first recorded in this paper, but the 
references to previous work are intended to be complete. 

The Blancan faunas from the Great Plains region (Nebraska, Kansas, Okla- 
homa, Texas), and from Arizona, are generally similar and include mainly 
widespread living species. Blancan and post-Blancan molluscan change has been 
due mainlyto the progressive extinction of relatively few species, and to changes 
in distribution of extant species caused by changes in local habitat and regional 
climate. 

Blancan faunas from the western U. S. A. (California, Oregon, Idaho, Nevada, 
Utah, Wyoming) are substantially different from one another and from the living 
fauna. They include many extinct species and genera, and some families region- 
ally extinct in North Americathat survive elsewhere, as wellas some completely 
extinct families. Blancan molluscan change in the western U. S. A. was due to 
some local evolution, as well as termination of lineages. Post-Blancan change 
has been due mainly to drastic extinctions associated with draining or filling of 
lake basins, volcanism, changes in drainage patterns, widespread topographic 
changes and climatic change. In contrast to Blancan times, now scarcely any 
mollusks are restricted to a single lake basin; formerly local endemism was 
characteristic of most of the western faunas. 

The living freshwater molluscan fauna east and west of the continental divide 
shows contrasts like that of the Blancan faunas. To the eastare more widespread 
species, with no local endemic forms, but to the west local endemic species are 
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widespread. The eastern limit of Recent local endemism in Utah and western 
Wyoming (map, Fig. 2) corresponds approximately to the eastern limit in the 
region of Blancan deposits (Fig. 1). This correlation, together with data from 
Blancan faunas, supports 2 propositions that apply to freshwater mollusks gener- 
ally in North America and perhaps everywhere: (a) species of widespread 
habitats have relatively wide geographic and geologic distribution; (b) tectonic 
activity promotes taxonomic differentiation. 

In western North America the differences between the Blancan faunas of local 
basins are so great that no clear pattern is evident in the present state of know- 
ledge. The nearest approach to a regional pattern is the occurrence of common 
or closely related species in southern Idaho and in the San Joaquin Valley of 
California. This affinity is shown by Blancan and pre-Blancan species, and even 
by a few living forms. Presumably there was a former river connection between 
the 2 areas; if so, it was of early to middle Pliocene age, as that is the age of 
the oldest pertinent fossils and Blancan faunas are substantially different. 

The geographic pattern of distribution to which the plurality of living west 
American freshwater mollusks are related is a crudely fishhook-shaped belt in 
and close to the northern and western edges of the Great Basin (Fig. 7). More 
Blancan fossils have affinities within this “fishhook” than within the Idaho-Cali- 
fornian pattern. Thus it seems that Blancan or immediately pre-Blancan events 
rearranged drainage and molluscan distribution to form this fishhook-like 
pattern, and that the modern fauna retains a marked stamp from those changes. 

Supporting data include a list of all of the nominal species described from 
localities discussed in the text: included are all extinct species described from 
specimens of Blancan age, and a few older and younger ones. Data provided for 
each of 140 names include reference to original description, revised geographic 
and geologic location of type locality, location of type and synonymy. These 
species are listed in an outline of classification involving a number of changes in 
rank, generic assignment, and synonymy that are not explicitly discussed but 
have been listed in a section “Taxonomic changes”. Only a few new taxa have 
been proposed, all in the gastropods. They include the Pliopholygidae, a new 
family (Viviparacea); Calibasis, Oreobasis and Idabasis, 3 new subgenera of 
Juga (Pleuroceridae); and Savaginius, a new genus (Hydrobiidae). 
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INTRODUCTION 


This summary of North American 
nonmarine mollusks of Blancan age (late 
Pliocene and early Pleistocene in cur- 
rent usage) is primarily a key to pre- 
vious work. Critical review of the fos- 
sils would require several years even 
if no more material were collected, and 
no meaningful review of the faunas will 
be possible until such a review is sub- 
stantially complete. I have tried to 
provide access to all published first- 
hand descriptions or records of Blancan 
nonmarine mollusks in North America, 
and recorded all the localities represen- 
ted in collections of the U. S. Geological 
Survey. For convenience of discussion 
a few late Hemphillianassemblageshave 
been included. 

The map (Fig. 1) showing all these 
previously published or unpublished lo- 
calities is a fair summary of present 
knowledge in spite of probable omissions. 
Stratigraphic names used in this report 
are compiled essentially from published 
literature and are not necessarily those 
used in U. S. Geological Survey puplica- 
tions. 

Summaries of the stratigraphic and 
geographic distribution of other groups 
of nonmarine organisms vary in com- 
pleteness and recency, according to the 
intensity of study. Stirton (1936a) sum- 
marized the Pliocene mammalian faunas 
of North America from the stratigraphic 
point of view. A map by Savage (1958, 
fig. 2) shows the general distribution 
of localities where Pliocene mammals 
are known in North America. Hibbard 
et al. (1965) have summarized the strati- 
graphic and geographic occurrence of 
Pleistocene mammals in North America. 
There is no concise summary ofthe dis- 
tribution of mammalian genera or Spe- 
cies by locality. 

Modern summaries of the known oc- 
currence of other vertebrates have been 
provided by Brodkorb (1963, 1964a, and 
in progress) for birds; Gehlbach (1965) 
for reptiles and amphibians; and Uyeno 
and Miller (1964) and Miller (1965) for 


fishes. Most other groups have received 
even less study than mollusks; little 
literature and no summaries are avail- 
able for such organisms as ostracodes, 
crayfishes or diatoms. Both pollen and 
leaves provide a record of higher plants 
that has been studied by R. W. Chaney, 
D. I. Axelrod and others, but no sum- 
maries like those of the vertebrates are 
available. The nearest approach to such 
a summary is Lamotte’s (1952) “Cata- 
logue of the Cenozoic plants of North 
America through 1950”. 


Abbreviations 


The following abbreviations have been 
used to designate private or institutional 
collections: 


AGS A. G. Smith, Berkeley, California 
ANSP Academy of Natural Sciences, Phila- 
delphia, Pennsylvania 


CIT California Institute of Technology 

CAS California Academy of Sciences, San 
Francisco 

MCZ Museum of Comparative Zoology, 
Cambridge, Massachusetts 

SSB S. S. Berry, Redlands, California 

SU Stanford University, Stanford, Cali- 
fornia 


UCMNH University of Colorado Museum of 
Natural History, Boulder 


UCMP University of California Museum of 
Paleontology, Berkeley 

UMMZ University of Michigan Museum of 
Zoology, Ann Arbor 

USGS U. S. Geological Survey 

USNM U. S. National Museum, Washington, 
DACH 

WOG W. O. Gregg, Los Angeles, Cali- 
fornia. 


THE BLANCAN AGE 


In the study of stratigraphy and paleon- 
tology of nonmarine Cenozoic deposits, 
mammals have become the most useful 
group offossils for subdivisionand wide- 
spread correlation. Their value is due 
partly to relatively detailed taxonomic 
knowledge, partly to relatively rapid 
faunal change and spread. The suc- 
cessive faunal phases in the history of 
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North American mammals are the basis 
of a series of “mammalian ages” that 
have been given names and definitions 
by Wood et al. (1941) and Savage (1951). 
Potassium-argon radiogenic dates 
(Evernden et al., 1964) have shown that 
these mammalian ages are time-sequen- 
tial, and have provided approximate 
dates in years for their limits. The 
Blancan age, distinguished by restricted 
ranges and first and last appearances 
of mammalian genera (Summarized most 
recently by Savage, 1962; Everndenetal., 
1964; Hibbard et al., 1965) probably 
ranges from about 2 million years ago 
to about 5 million years ago. In cur- 
rent American usage the Blancan is late 
Pliocene and early Pleistocene. 

Future stratigraphic work will 
gradually provide a basis for correlating 
faunal sequences of fossil mammals and 
mollusks. Even now it can be said 
that there are no continent-wide faunal 
changes in mollusks as there are in 
mammals. The Blancan freshwater 
mollusks of Florida, Kansas and Cali- 
fornia are all more like the living faunas 
in these areas than like each other, 
whereas the reverseis true of mammals. 
The criteria for recognizing Blancan 
faunas of freshwater mollusks differ be- 
tween faunal provinces, and may apply 
only to single sedimentary basins or 
physiographic regions. 

Direct association of mammals and 
mollusks provided the basic dates for 
defining Blancan mollusks in this sum- 
mary. These associations formed the 
framework into which local strati- 
graphies and less well dated molluscan 
faunas were fitted, resulting in lists of 
diagnostic last appearances. Lists of 
first appearances could be compiled also, 
but except in local areas would have 
little value in the present state of 
knowledge. 

In the following lists an asterisk marks 
groups that became extinct in western 
North America but survive elsewhere. 
Species are listed only if widespread. 


Hemphillian last appearances 


The following groups did not sur- 


vive after the Hemphillian (middle Plio- 
cene of current American usage) so far 
as known: 
*Viviparidae, Bellamyinae 
*Bulimulidae 
*Corbicula 
Scalez 
Lacunorbis 
Nematurella 
Lymnaea albiconica (Taylor) and 
nearest relatives 
Bulimnea petaluma (Hanna) 
*Radix 
Papyrotheca 
*Coretus 
Vorticifex tryoni (Meek) 
Helisoma binneyi (Meek) and nearest 
relatives 


Blancan last appearances 


Payettiidae 
Pliopholygidae 
Orygoceratidae 
*Thiaridae 
*Delavayidae 
*Pleuroceridae, Semisulcospirinae 
*Micromelaniidae 
*Amphibolidae 
*Pisidium supinum Schmidt 
“Aphanotylus” 
*“Melania” 
Calipyrgula 
Savaginius 
*Zetekina 
Brannerillus 
Gyraulus (Idahoella) 
Menetus (Planorbifex) 
Paraplanorbis 
Hannibalina 


PLIOCENE-PLEISTOCENE LIMIT 


Establishing a Pliocene-Pleistocene 
boundary over the continent of North 
America as well as locally depends on 
the criteria used. In principle the 
earliest recognized episode of marked 
climatic cooling in middle latitudes is 
accepted as marking the beginning ofthe 
Pleistocene (Hibbard et al. 1965, Taylor, 
1965). The accumulation of potassium- 
argon radiogenic dates and ofa sequence 
of geomagnetic reversals (Cox et al., 
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1965) in the next decade will enable more 
precise correlation with western Europe 
than is possible now. 

In the Great Plains region of central 
North America the known Blancan mol- 
luscan faunas can be related to an in- 
ternally consistent sequence of ecologi- 
cal inference, vertebrate faunas and 
physical stratigraphy (Taylor, 1960b, 
1965). Some are late Pliocene, some 
early Pleistocene. West of the Rocky 
Mountains the local endemic nature of 
the molluscan faunas, the lack of evi- 
dence of widespread climatic changes 
like those in the Great Plains, and the 
relatively fewer associated mammals 
preclude an equally reliable correlation 
within the region. The widespread oc- 
currence of igneous rocks offers the hope 
that geochemical and geophysical studies 
will yield data leading to a refined 
chronology, already foreshadowed by 
Evernden et al. (1964). 

The Blancan faunas of western North 
America include several extinct groups 
in common with southeastern Europe. 
This relationship with Eurasia is paral- 
leled in the Recent fauna by species in 
the families Unionidae, Hydrobiidae and 
perhaps others. Although there are many 
genera common to eastern and western 
North America, in general the western 
Blancan freshwater molluscan faunas 
are more similar to the Pliocene to 
Recent faunas of Eurasia than to eastern 
American faunas. The following extinct 
groups are restricted to Pliocene depo- 
sits of southeastern Europe and of north- 
western America: 


Orygoceratidae (1 genus, 
ceras) 
Papyrotheca 


Gyraulus (Idahoella) 


Orygo- 


Other occurrences in common, and 
perhaps some vicariant pairs of genera, 
will probably be recognizedasthe faunas 
are reviewed critically. The strati- 
graphic intervals where these extinct 
groups occur in America can be cor- 
related with accepted Pliocene rocks in 
southeastern Europe, but the weight of 


this evidence will be difficult to assay 
without an understanding of the changes 
in environment associated with the mol- 
luscan extinctions. 


EARLY PLEISTOCENE IN THE 
GREAT PLAINS 


The Pliocene-Pleistocene boundary in 
the Great Plains region has been drawn 
between the faunas like those in the 
Rexroad Formation (Rexroad, Bender, 
and Red Corral local faunas; Fig. 1, 
localities 51, 54; late Pliocene) and the 
younger Blancan faunas (Sand Draw, 
Spring Creek, Deer Park, Sanders, 
Dixon and Blanco local faunas; Fig. 1, 
localities 48, 51, 52, 56; early Pleisto- 
cene). New discoveries and new inter- 
pretations show that the molluscan fau- 
nal change between these assemblages 
is more gradual than supposed pre- 
viously (Taylor, 1960b); and that the 
climatic changes correlated with the 
Supposed Nebraskan glaciation are less 
marked than those associated with later 
glaciations. Correlation from the Plains 
to areas where radiogenic dates can be 
related to faunas is not precise, but 
the data available indicate that the later 
Blancan faunas in the Plains are about 
2-3 million years old. These faunas are 
all older than the earliest faunas with 
boreal elements, i.e., older than any 
fossil record of a climate like that 
associated with the continental ice 
sheets. The evidence is suggestive 
rather than compelling, but I think that 
all of these “Nebraskan” and “Aftonian” 
faunas are probably pre-Nebraskan— 
older than deposits of the first major 
continental glacier in Kansas and Ne- 
braska. I suggest that the physical and 
paleontological evidence in southwestern 
Kansas that has been interpreted as 
being correlative with the Nebraskan 
glaciation represents an alpine glaci- 
ation, or a pre-Nebraskan, limited con- 
tinental glaciation. 

The recently discovered mollusks 
from the Rexroad Formation extend se- 
veral ranges downward into the Plio- 
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cene, whether one considers them part 
of the Bender local fauna (B. B. Miller, 
1964) or Rexroad local fauna (this paper). 
The break in molluscan ranges between 
the Bender and Sand Draw local faunas 
(Taylor, 1960b: 12) is blurred, and with 
it any molluscan evidence for a marked 
climatic change at the beginning of 
the Pleistocene. The first evidence 
in the central Great Plains of markedly 
northern elements (vertebrate or inver- 
tebrate) is in the Cudahy fauna, asso- 
ciated with the Pearlette ash, of Kansan 
glacial age (Hibbard, 1960; Taylor, 
1960b). 

The Spring Creek local fauna (Fig. 1, 
locality 51; Berry and Miller, this vol- 
ume) includes one of the most signifi- 
cant fossil occurrences in southwestern 
Kansas. The fauna is from the Ballard 
Formation, previously correlated as Ne- 
braskan and Aftonian, and contains the 
extinct freshwater snail Biomphalaria 
kansasensis Berry. Out of the literally 
millions of Pliocene and Pleistocene 
Shells collected in the intensively stu- 
died area of southwestern Kansas, the 
Species is the only one found north of 
the present range of the genus. Biom- 
phalaria is a tropical and subtropical 
group now found sparsely in the United 
States only alongthe southernmost Coas- 
tal Plain. В. kansasensis is not closely 
related to any living form, but has af- 
finities with an early Pliocene species 
from nearby Oklahoma. Hence most 
likely Biomphalaria lived inthe southern 
Great Plains region through the Plio- 
cene and became extinct in that region 
in the early Pleistocene. Its occur- 
rence in the Ballard Formation is dif- 
ficult to reconcile with an age less than 
that of a major continental glaciation, 
and emphasizes the faunal change in- 
augurated with the Kansan Cudahy fauna. 

Radiogenic dates can be applied to 
later Blancan (early Pleistocene) fau- 
nas in the Plains only by correlation. 
Mammals of the Hagerman local fauna 
from the Glenns Ferry Formation, Idaho 
(Fig. 1, locality 34) are assigned a 
latest Pliocene age, immediately older 


than early Pleistocene faunas in the 
Plains (Hibbard et al., 1965). The 
Hagerman date of 3.5 million years 
(Evernden et al., 1964) places a maxi- 
mum limit on these Pleistocene faunas 
of about 3 million years. 

A minimum age of later Blancan 
faunas in the Plains is established by 
2 dates. After the Irvingtonian Grand- 
view local fauna, in the Glenns Ferry 
Formation, Idaho (Fig. 1, locality 34) 
lived, deposition of the Glenns Ferry 
Formation continued briefly and then 
ceased, the formation was deeply eroded, 
and then several hundred feet of lava 
and fine-grained sediments accumulated 
prior to 1.4 million years ago (Evern- 
den et al., 1964, sample 1188). 

The second post-Blancan date comes 
from the Merced Formation, California 
(not shown on Fig. 1). A vitric tuff 
stratigraphically above Mammuthus, in- 
dicating post-Blancan age, has been 
dated as 1.5 million years old (N. T. Hall, 
1965). 

The youngest date applicable to a 
Blancan fauna is that of the Coso Moun- 
tain local fauna, 2.3 million years old 
(Evernden et al., 1964). From these 
data the Blancan/Irvingtonian faunal 
change seems to have taken place about 
2 million years ago. 

Although there is definite evidence 
that the climate during the Wisconsin 
glaciation was more rigorous than during 
any previous interval in central North 
America (Taylor, 1965), the Kansan, 
Illinoian and Wisconsin molluscan fau- 
nas are all broadly similar in having 
a number of now montane or more 
northern species. From comparison with 
these younger assemblages none of the 
Blancan faunas seems likely to have 
lived either during or after a glaciation 
when ice reached as far south as Ne- 
braska, the type area of the Nebraskan 
till. The tentative correlation from the 
unglaciated to the glaciated region 
(Taylor, 1960b: 14) is probably over- 
Simplified. More plausibly the faunal 
evidence of late Blancan climatic change, 
and the physical evidence of glacially 
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striated pebbles in the Ballard Forma- 
tion, indicate only an alpine glaciation, 
or a limited continental glaciation whose 
evidence has been obscured by later, 
more extensive ice sheets. This sug- 
gestion may complicate the interpre- 
tation of some local stratigraphic sec- 
tions, but it renders geologic history 
more natural by being more transitional 
from pre-glacial to Ice Age times. 


SEQUENCE WITHIN 
BLANCAN FAUNAS 


Faunal sequence within the Blancan 
molluscan assemblages can be recog- 
nized only within local areas where the 
stratigraphy has been studied, and where 
superposition of faunas is demonstrable. 
Most of the known Blancan occurrences 
are in rocks of local geographic and 
stratigraphic extent, and in most areas 
perhaps only a short segment ofBlancan 
times is recorded. 

The wealth of stratigraphic data avail- 
able in the southern San Joaquin Valley, 
California, permits the correlation of 
subsurface as well as outcrop samples. 
Distinctive assemblages of freshwater 
mollusks occur in the lower and upper 
parts of the San Joaquin Formation andin 
the Tulare Formation (Fig. 1, localities 
16-23), representing latest Hemphillian 
time and an uncertain part of the Blancan. 
Virtually none of the species inthe Tulare 
Formation occurs in the underlying San 
Joaquin. 

In southwestern Kansas and northwes- 
tern Oklahoma a series of faunas (Fig. 
1, localities 50-53) is dated as late 
Hemphillian and early to late Blancan 
within a framework of physical strati- 
graphy and associated mammals. The 
differences between the faunas can 
practically all be explained by dif- 
ferences in habitat. The sole possible 
instance of progressive change within 
this sequence is the differentiation of a 
Species of land snail, Gastrocopta fran- 
zenae, into 2 descendent extant species 
(Taylor, 1960b). 

Inasmuch as the differences between 


successive faunas in the Great Plains 
are relatively subtle, their stratigraphic 
study has been devoted principally to 
understanding the environmental changes 
responsible for the differences and simi- 
larities between the faunas. West of the 
Rocky Mountains the faunal differences 
are due to more conspicuous environ- 
mental differences from basin to basin, 
to tetonic activity and to rapid evolu- 
tion. The faunal shifts of the Great 
Plains are a large-scale version of the 
local changes in facies that can be ob- 
served in the western sedimentary ba- 
sins. Evidence of regional climatic 
change in Blancan and Pleistocene fau- 
nas, an essential tool for study of Great 
Plains mollusks, is unrecognizable in the 
present state of knowledge of western 
Blancan faunas. 


DIFFERENTIATION IN 
BLANCAN FAUNAS 


The geographic distribution of Blan- 
can mollusks illustrates 2 propositions 
that apply to freshwater mollusks gener- 
ally in North America, and perhaps 
everywhere. One is that species of 
widespread habitats have relatively wide 
geographic and geologic distribution. 
The second is that tectonic activity pro- 
motes taxonomic differentiation. These 
generalizations are drawn partly from 
the Blancan faunas, partly from older 
and younger assemblages including the 
recent fauna. 

The larger Blancan faunas east and 
west of the Rocky Mountains show marked 
contrast in degree of endemism as well 
as in faunal composition. The western 
faunas have relatively few living spe- 
cies, a high percentage of local en- 
demic species and genera, and few 
terrestrial snails. The eastern faunas 
(including those in Arizona) have few 
extinct species, and about equal numbers 
of aquatic and terrestral species. These 
differences are illustrated by com- 
parison of the mollusks from the Tu- 
lare Formation, California (Fig. 1, lo- 
cality 18) and Rexroad Formation, Kan- 
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sas (Fig. 1, locality 51) in Table 1. 

The species listed under “Tulare For- 
mation” are those found: in the basal 
part of the Tulare Formation exposed 
in the Kettleman Hills, revised from 
Woodring et al. (1941). The species 
listed under “Rexroad Formation” are 
those from the Rexroad and Bender 


local faunas from the upper part of the 
Rexroad Formation, from Hibbard and 
Taylor (1960), Miller (1964) and Taylor 
(1960b). The differences between the 
faunas are attributed entirely to local 
habitat, geographic provinciality, and 
subsequent history. Differences in age 
or intensity of collecting are negligible. 


TABLE 1. Comparison of mollusks from Tulare Formation, California and Rexroad Formation, 
Kansas 






Species 





Freshwater clams 
Unionidae 


*Anodonta (s.s.) kettlemanensis Arnold 
*Gonidea coalingensis Arnold 
Ligumia subrostrata (Say) 


Sphaeriidae 


*Sphaerium kettlemanense Arnold 
Sphaerium partumeium (Say) 
Sphaerium striatinum (Lamarck) 
Sphaerium sulcatum (Lamarck) 
Pisidium (Rivulina) casertanum (Poli) 
Pisidium (Rivulina) supinum Schmidt 
Pisidium (Neopisidium) insigne Gabb 
Pisidium (Neopisidium) punctatum Sterki 
*Pisidium (Neopisidium) n. sp. 


Freshwater snails 
Valvatidae 


Valvata humeralis Say 
*Valvata virens platyceps Pilsbry 


Pleuroceridae 


Juga arnoldiana (Pilsbry) 
Juga kettlemanensis woodringi (Pilsbry) 


Hydrobiidae 


**Calipyrgula carinifera Pilsbry 
**Calipyrgula ellipsostoma Pilsbry 
**Calipyrgula stewartiana Pilsbry 
Fontelicella “longinqua Gould” 
*Hydrobia? andersoni (Arnold) 
*Hydrobia? birkhauseri Pilsbry 
*Marstonia crybetes (Leonard) 
*Pyrgulopsis vincta Pilsbry 
*Savaginius spiralis (Pilsbry) 
*Savaginius Cf S. yatesianus (Cooper) 





Tulare Formation Rexroad Formation 











cf 
x 
xX 
x 
X 
X 
X 
X 
X 
x 
x 
X 
xX 
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Species Tulare Formation Rexroad Formation 


*Zetekina woodringi (Pilsbry) 


TABLE 1 (cont.) 


Lymnaeidae 


Bakerilymnaea bulimoides techella 
(Haldeman) 

Fossaria dalli (Baker) 

Fossaria obrussa (Say) 

Lymnaea (Hinkleyia) caperata Say 

Lymnaea (Stagnicola) exilis Lea 

Lymnaea (Stagnicola) reflexa Say 


MM u > 


Ancylidae 


Ferrissia meekiana (Stimpson) 
Ferrissia parallela (Haldeman) 
Ferrissia rivularis (Say) 


mm »4 


Planorbidae 


*Omalodiscus pattersoni (Baker) 

Gyraulus parvus (Say) 

*Brannerillus involutus Pilsbry 
*Brannerillus physispiva Hannibal 

Helisoma (s.s.) anceps (Menke) 
*Helisoma (s.s.)? kettlemanense Pilsbry 
*Helisoma (Carinifex) marshalli (Arnold) 
*Vorticifex cf У. effusus (Lea) 

Menetus (s.s.) centervillensis (Tryon) 
*Menetus (**Planorbifex) vanvlecki (Arnold) 
*Pyomenetus (s.s.) exacuous Ransasensis 

(Baker) 

Promenetus (Phreatomenetus) 

umbilicatellus (Cockerell) 


Physidae 


Physa (s.s.) skinneri Taylor cf 
*Physa (Costatella) wattsi Arnold 


Physa (Physella) virgata Gould 





Land Snails 
Ellobiidae 
Carychium exiguum (Say) 


Cionellidae 
Cionella lubrica (Miiller) 


Vertiginidae 


*Vertigo (s.s.) hibbardi Baker 
Vertigo (Angustula) millium (Gould) 


Chondrinidae 


Gastrocopta (s.s.) cf G. cristata (Pilsbry 
and Vanatta) 
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Species Tulare Formation Rexroad Formation 


TABLE 1 (cont. ) 



































*Gastrocopta (s.s.) franzenae Taylor x 
*Gastrocopta (s.s.) paracristata Franzen 
and Leonard X 
Gastrocopta (s.s.) pellucida hordeacella 
(Pilsbry) X 
*Gastrocopta (s.s.) scaevoscala Taylor X 
Gastrocopta (Albinula) armifera (Say) X 
Gastrocopta (Albinula) holzingeri Sterki X 
*Gastrocopta (Immersidens) rexroadensis 
Franzen and Leonard X 
Gastrocopta (Vertigopsis) tappaniana 
(Adams) X 
Pupillidae 
Pupoides (s.s.) albilabris (Adams) X 
Pupoides (Ischnopupoides) inornatus Vanatta X 
Strobilopsidae 
*Strobilops (s.s.) sparsicostata Baker x 
Valloniidae 
Vallonia gracilicosta Reinhardt XxX 
Vallonia parvula Sterki X 
Vallonia perspectiva Sterki X 
Succineidae 
cf. Succinea X 
Endodontidae 
Helicodiscus (s.s.) parallelus (Say) X 
Helicodiscus (Hebetodiscus) singleyanus 
(Pilsbry) x 
Zonitidae 
Hawatia minuscula (Binney) X 
Nesovitrea (Perpolita) electrina (Gould) X 
Retinella (Glyphyalops) rhoadsi (Pilsbry) X 
Retinella (Glyphyalus) wheatleyi (Bland) X 
Zonitoides (s.s.) arboreus (Say) XxX 
Limacidae 
*Deroceras aenigma Leonard XxX 


Polygyridae 






*Polygyra (Erymodon) vexvoadensis Taylor 


* extinct species 
** extinct genus or subgenus 
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Widespread species and habitats 


The low percentage of extinct aquatic 
species in the Rexroad Formationis cor- 
related with the widespread occurrence 
of the types of habitat represented, and 
the wide geographic range of the aquatic 
species in general. The living species 
are all widespread in eastern North 
America, some of them over much of 
the continent. Promenetus exacuous 
kansasensis and Omalodiscus pattersoni 
are known widely in Blancan and post- 
Blancan rocks. Marstonia crybetes, 
the single species known only from 
Blancan deposits in the Plains, is one 
of the few forms restricted to a peren- 
nial-water habitat. The others are 
mostly forms of seasonal ponds, shallow 
and fluctuating streams and marginal 
aquatic situations. 

The high percentage of extinct spe- 
cies in the Tulare Formation is cor- 
related with their lacustrine habitats and 
local geographic range. By its nature, 
a lacustrine habitat is likely to be 
restricted to a given basin. Of the 
extinct species in the Tulare Formation 
none is found in post-Blancan deposits, 
none outside central California, and very 
few in the underlying San Joaquin For- 
mation. The living species in the Tu- 
lare Formation are all found outside 
of central California, some of them 
widely, and none is characteristically 
lacustrine. 

Many of the western Blancan faunas 
include only extinct species of a lacus- 
trine or large-river assemblage. The 
known samples of less restricted habi- 
tat support the belief that most extant 
Species were already in existence in the 
late Pliocene, but many lived in shallow 
or seasonal streams and ponds that 
have left practically no fossil record. 
Post-Pliocene events have extinguished 
almost all the rich local endemic lacus- 
trine faunas, leaving an impoverished 
fauna with fewer local forms. 

There are no longer any lakes in North 
America with large endemic faunas like 
those of the Blancan basins of western 


America. The nearest approximations 
are Klamath Lake, Oregon, and Clear 
Lake, California. Closer parallels are 
found in the streams draining the 
southern Appalachians in southeastern 
North America. Here there is an exu- 
berance of local species in groups re- 
stricted to perennial streams (mainly 
Unionidae, Pleuroceridae, Hydrobiidae, 
some Ancylidae, Planorbidae and Vi- 
viparidae). These richly differentiated 
groups surely have a long unrecorded 
history, and probably the living species 
were in existence by late Pliocene times, 
as on the Plains. Perhaps in this re- 
gion of tectonic stability and ample rain- 
fall in the southeastern United States 
there has been negligible extinction since 
the Pliocene. 


Tectonism and evolution 


Tectonic activity can affect the dif- 
ferentiation of mollusks in 2 ways: either 
directly, by separating areas of formerly 
continuous habitat or joining formerly 
isolated habitats; or indirectly by envi- 
ronmental changes. The generalization 
that tectonic activity during the Blancan 
favored the differentiation of new taxon- 
omic groups is supported by several 
lines of evidence: 

(1) Local endemism in aquatic mol- 
lusks is correlated with geologically 
young tectonism. 

(2) The vicariant or locally disjunct 
species in Blancan faunas imply a for- 
mer, more widespread continuity of dis- 
tribution of their ancestors. 

(3) Faunal change during the Blancan 
was slight in the southern Great Plains, 
but marked in the tectonically active San 
Joaquin Valley, California. 

(4) Hemphillian faunas, so far as 
known, include more widespread species 
and are regionally more similar to each 
other than are the Blancan faunas. 

(5) Theoretically geographic isolation 
and environmental changes favor evolu- 
tion of new forms, either simply through 
geographic segregation of populations or 
by changing the selective pressure on 
given genotypes. 
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FIG. 2. Incidence of local endemism in post-Blancan (middle Pleistocene through Recent) fresh- 
water mollusks in western North America. Each symbol marks the occurrence of at least 1 
species restricted to an area of less than about 40 miles in diameter. Numbers indicate esti- 
mated significance of local endemism (not numbers of endemic forms). Local genera and sub- 
genera are weighted more heavily than local species, and local species in some genera are 
weighted more heavily than in the genera having numerous localized species. Based on 
published and unpublished data. 
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The correlation of localendemism and 
tectonic activity can be observed among 
both Blancan and Recent mollusks. The 
living fauna of aquatic mollusks in the 
Great Plains is sparse and includes no 
endemic species; this region is the 
largest area of North America with no 
species peculiar to it. As one goes 
westward in the central and northern 
Rocky Mountains the fauna is poor up to 
the eastern limit of young topographic 
basins where locally endemic species 
occur (Fig. 2). Thusthere are no aquatic 
mollusks peculiar to North Dakota, South 
Dakota, Nebraska or anywhere in the 
southern Great Plains until one reaches 
the Balcones Escarpment along the Ed- 
wards Plateau in Texas, andinthe Rocky 
Mountains, all of Colorado and most of 
Wyoming and Montana lack local forms. 
The eastern limit of local endemic mol- 
lusks is also the eastern limit of Blancan 
or post-Blancan basin subsidence. Com- 
parison of a map of recorded earth- 
quake epicenters (King, 1965, Fig. 2) 
with a map of local endemic species 
(Fig. 2) shows a general correlation. 
Surely this reflects the influence of past 
tectonic activity (still continuing) on 
evolution of species. 

Local endemism can be caused not 
only by the differentiation of new forms, 
but also by the narrowly restricted sur- 
vival of an old form, i.e., relictual 
endemism. The more striking local 
forms in the Blancan faunas of Idaho, 
such as the Amphibolidae, Delavayidae, 
Orygoceratidae, Payettiidae and Plio- 
pholygidae, are examples of such ancient 
stocks. In contrast, local species of 
widespread genera, such as Helisoma, 
Vorticifex, Fontelicella and other Hydro- 
biidae are interpreted as newly evolved 
during the Blancan. The distribution 
of all such local forms, whether living 
or extinct, provides another tool in study - 
ing late Cenozoic geologic history. 


Summary 
Geographic differences between Blan- 


can faunas, the similarities and dif- 
ferences with older and younger faunas, 


and the correlation of local endemism 
with areas of recent tectonism provide 
a basis for some inferences about evolu- 
tion in freshwater mollusks in general. 
Species of widespread habitats are widely 
distributed in time and space; they are 
not readily subject to geographic differ- 
entiation and evolve slowly. Tectonism 
promotes the differentiation of mollusks 
both by changing their environments, and 
by separating or joining given habitats. 
Species living in a variety of habitats, 
or in a widely available habitat such as 
shallow or seasonal ponds, are rarely 
geographically isolated, and generally 
slow in evolving. Thus in stable regions 
that are ecologically rather uniform the 
fauna is similar over large areas and the 
species are both long-ranging geolo- 
gically and wide-ranging geographically. 
The Great Plains are the clearest ex- 
ample of such an area in North America 
The Holarctic boreal nonmarine mol- 
lusks are examples of such widespread 
species too. 

Tectonically active areas, with topo- 
graphic and ecologic diversity at any 
given time and with changing drainage 
patterns and habitats are rich in local 
forms that are restricted both strati- 
graphically and geographically. The 
species of perennial water bodies (lakes, 
larger streams, springs) are especially 
subject to geographic isolation and are 
most diversified in such a region. The 
local basins in and around the northern 
Great Basin and in California are North 
American examples of this kind of region. 
The Pliocene to Recent basins of south- 
eastern Europe are similar, but larger 
in size and in diversity of faunas. 


BIOGEOGRAPHY OF 
BLANCAN FAUNAS 


The living nonmarine mollusks of 
North America are markedly different 
on either side of the eastern edge of the 
Rocky Mountains. As Henderson (1931) 
concluded, these differences probably go 
back to early Tertiary or Cretaceous 
times. 
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Blancan faunas from within the eastern 
region are all much like the modern 
faunas of that region. Despite a num- 
ber of extinct species, the late Plio- 
cene and early Pleistocene faunas of 
the Plains are all much like the living 
fauna of the Plains (Taylor, 1960b). 
Similarly, the Blancan faunas from 
Florida (Fig. 1, locality 57) are more 
like the modern fauna of Florida than 
like the faunas of the Plains or western 
North America. 

In the western region of Henderson 
(1931) such easy generalizations are 
impossible. Local endemism, post- 
Blancan extinctions and more rapid 
differentiation have produced many sharp 
contrasts between the Blancan faunas 
and the local living faunas. Evidently 
both faunal history and geologic history 
are so complicated that detailed local 
studies are necessary for an under- 
standing of both. 

An unexpected discovery has been the 
close similarity between the Blancan 
faunas of Arizona and of the southern 
High Plains. The mollusks of the Benson 
local fauna (Fig. 1, locality 45) could be 
duplicated in the Pleistocene of Kansas, 
Oklahoma or Texas. Although there 
are characteristic species in the living 
fauna of Arizona, none of these are 
present in the known fossil assemblages. 
On this evidence one may expect re- 
gional similarities in the Pleistocene 
faunas of much of the southwest. 

Outside of Arizona, in the other 
western states, most of the faunas are 
lacustrine assemblages more or less 
distinct from each other. Some geo- 
graphically close faunas are obviously 








Similar. Examples are those in south- 
ie California 
Fig. 3 Pisidium punctatum, 
late Pliocene 
Fig. 4 Gonidea coalingensis, 
late Pliocene 
Fig. 5 Scalez petrolia, 
middle Pliocene 
Fig. 6 Valvata utahensis, 





| late Pleistocene 


eastern Idaho and northern Utah (Fig. 1, 
localities 35-37), and some in Oregon 
and northern California (localities 4-6). 
The nearest approach to a regional pat- 
tern is the occurrence of common spe- 
cies, or closely related species, in 
southern Idaho and in the San Joaquin 
Valley of California. This relationship 
is shown by fossil and Recent groups, 
presumably in correlation with a former 
hydrographic connection and different 
rates of subsequent change in different 
Species. Representative groups ofthese 
common or related species have been 
selected to document this relationship, 
but obviously no thorough analysis is 
practicable in the present state of know- 
ledge. 

The list below summarizes the species 
whose distributions have been mapped, 
that show this geographic pattern. 
Other mollusks (distributions not 
mapped) showing this relationship are 
listed on p 72. A genus of minnows, 
Mylopharodon, and a sunfish, Archo- 
plites, are known living only in central 
California but occur as fossils in south- 
western Idaho (R. R. Miller, 1965). 

The inferred river connection between 
areas now in Idaho and California is 
probably of early to middle Pliocene age. 
That is the age of the oldest fossils 
showing this geographic affinity, and in 
late Pliocene times the faunas of the 2 
areas were substantially different. 

A second reason for supposing that this 
Idaho-Californian faunal affinity dates to 
pre-Blancan times is its relationship to 
an apparently younger, Blancan pattern 
of distribution (Fig. 7). This pattern, 
crudely fishhook-shaped, is the dominant 
pattern in the living fauna of the west. 


SE Oregon, S. Idaho, W.Wyoming 


Pisidium punctatum, 


late Pliocene - Recent 
Gonidea malheurensis, 

middle - late Pliocene 
Scalez sp. , 

early - middle Pliocene 


Valvata utahensis, 
middle Pleistocene - Recent 
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FIG. 3. Distribution of the freshwater clam Pisidium (Neopisidium) punctatum Sterki, 1895, 
family Sphaeriidae, in western North America. Solid dots, living occurrences (specimens in 
USNM). Triangles, Blancan fossil occurrences (specimens in USGS), in the basal part of the 
Tulare Formation, Kettleman Hills, California; Glenns Ferry Formation, southwestern Idaho; 
Salt Lake Group, Marsh Creek Valley, southeastern Idaho; and Cache Valley Formation, south- 
eastern Idaho and northern Utah. The species occurs widely in eastern North America also. 
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FIG. 4. Distribution of Gonidea coalingensis Arnold, 1910, and G. malheurensis (Henderson 
and Rodeck), 1934, family Unionidae, freshwater mussels known only from deposits of Pliocene 


large lakes and streams. Dots, G. malheurensis; triangles, G. coalingensis. From speci- 
mens in USGS collections. 
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FIG. 5. Distribution of Scalez Hanna and Gaylord, 1924, family Viviparidae, an extinct genus 
of snails known from Pliocene lake deposits. Dots, $. petrolia Hanna and Gaylord, 1924; tri- 


angles, perhaps a separate species. From specimens in USGS collections, and from Woodring 
et al. (1932). 
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FIG. 6. Distribution of Valvata utahensis Call, 1884, family Valvatidae, a snail of lakes and 
large streams. From specimens in collections UMMZ, USGS and USNM. Included as a 
synonym is Valvata utahensis horatii Baily and Baily, 1951. Living, dots; Pleistocene, tri- 
angles. The record by Henderson (1929: 172) from Washington is based on a misidentification 
of V. humeralis (specimens UCMNH 15400); that by Roscoe (1964: 4) from Sevier Desert, Utah. 
is based on misidentification of V. humeralis (specimens USGS 2158, USNM 111703). 
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FIG. 7. Two geographic patterns of distribution of Pliocene to Recent freshwater mollusks. 
The “fishhook” pattern (heavy stipple) includes the ranges of many living and late Pliocene 


species. It seems to cut across a pattern (light stipple) that includes the ranges of some Plio- 
cene species, but few living species. See text for fuller explanation. 
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FIG. 8. Distribution of Helisoma (Carinifex), family Planorbidae, snails of lakes and large 
streams. From specimens in collections UCMNH, USGS, USNM and WOG. Нейзота minus 
(Cooper), 1870, squares, all Recent; H. ponsonbyi (E. A. Smith), 1876, diamonds, all Recent; 
H. newberryi (Lea), 1858, dots, living, triangles, fossil. Included as synonyms in H. newberryi 
are Carinifex atopus Chamberlin and Jones, 1929, C. jacksonensis Henderson, 1932; C. new- 
berryi malleata Pilsbry, 1934a; C. occidentalis Hanna, 1924; and C. newberryi subrotunda 
Pilsbry, 1932. 
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FIG. 9. Distribution of Lithoglyphus turbiniformis (Tryon), 1865, family Hydrobiidae, a snail 


of springs and mountain streams. From specimens in collections of AGS, CAS, MCZ, SSB, SU, 
UCMNH, UMMZ, USGS and USNM; and from published records by Cooper (1890), Pilsbry 


(1899), and Tryon (1865). Included as synonyms are Amnicola dalli Call (1884) and Fluminicola 
modoci Hannibal (1912b). All records are Recent; no fossils are known. 
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FIG. 10. Distribution of Lymnaea (Stagnicola) kingii Meek, 1877, family Lymnaeidae, a snail 
known living only in Utah Lake, Utah, and as a fossil only in lacustrine deposits. The only 
Blancan occurrences are in the Cache Valley Formation of northern Utah; other fossil records 
are all late Pleistocene. From specimens in collections USGS and USNM. Included as a 
Synonym is Radix ampla utahensis Call (1884). 
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FIG. 11. Distribution of Pisidium (Rivulina) ultramontanum Prime, 1865, family Sphaeriidae, 
a small freshwater clam known only from lakes and large streams. Blancan occurrences are in 
the Yonna Formation of Tule Lake Basin, Summer Lake, Warner Lakes and Goose Lake (allin 
Oregon). From specimens in collections AGS, CAS, SSB, UMMZ, USGS, USNM and WOG. Com- 
parison with a previous distribution map (Taylor, 1960a) shows that the subsequently discovered 
localities fall along the “fishhook”. Pliocene records in southern Idaho (Taylor, 1960a) are now 
considered to represent another, undescribed species. 
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More species are restricted to thisbelt, 
or have some of their geographic limits 
in it, than any other biogeographic pat- 
tern in western America. This “fish- 
hook” is a composite of the distri- 
butions of individual species, some of 
which occupy much of the pattern 
(Helisoma newberryi, Fig. 8), a small 
part of it (Lithoglyphus turbiniformis, 
Fig. 9) or widely separated areas (Lym- 
naea kingit, Fig. 10). Many more Blan- 
can fossils as well as living species 
can be related to this fishhook type of 
distribution than to the Idaho-Californian 
pattern. Thus it seems probable that 
the “fishhook” is younger, resulting from 
Blancan or immediately pre-Blancan 
tectonic activity that caused considerable 
changes in drainage patterns, faunal evo- 
lution, and geographic distribution. 

In a previous discussion (Taylor, 
1960a) of biogeography of this region I 
included Klamath Lake, Oregon, in what 
is now the “fishhook” pattern. More 
thorough taxonomic study of the mol- 
lusks, and additional information on 
their distribution, shows the molluscan 
fauna of this lake is not as similar to 
that of adjacent basins as I thought then. 
Pisidium ultramontanum, whose distri- 
bution includes both Klamath Lake and 
areas to the east and south (Fig. 11), 
is virtually unique among perennial- 
water species in this respect. It is 
probably significant that this clam has 
the longest geologic range of any living 
west American freshwater mollusk. It 
is known as far back as the early Plio- 
cene, indicating an unusually slow rate 
of change that is responsible for its 
persistent, wider distribution as a single 
Species. The distribution of Helisoma 
(Carinifex) (Fig. 8), with distinct spe- 
cies in Klamath Lake and neighboring 
regions, represents a more common re- 
sult of molluscan evolution and geo- 
graphic spread. 

R. R. Miller (1965) discussed the re- 
lationship between fossil fishes from 
southwestern Idaho and former drainages 
to the west. His data too are consis- 
tent with the interpretation that the in- 
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ferred river connections between parts 
of Idaho and California, and Idaho and 
the Klamath Lake basin, are older than 
the “fishhook” pattern. 


SUMMARY OF LOCALITIES 


The molluscan faunas are summarized 
in numerical order according to their 
number on the index map (Fig. 1). So 
far as possible the following data are 
given: 

Location 

Previous references to mollusks 

Stratigraphic unit and most recent 
geologic maps 

Number of species of mollusks, and 
mention of endemic genera or sub- 
genera 

Other organisms described from the 
same locality or formation 

Age 

Institution where fossils are pre- 
served 

Most recent topographic map 

The name, letters and numbers in 
parentheses after the heading of each 
locality specify an area that is 15 min- 
utes of latitude by 15 minutes of longi- 
tude. The name and the letters and 
numbers preceding the name designate 
the U. S. Geological Survey quadrangle 
at scale 1:250000, 1 degree of latitude 
by 2 degrees of longitude.2 The final 
letter and number designate the 15- 
minute quadrangular area according to 
the system shown in Fig. 12. 

In most of the United States the land 
has been surveyed according to a rec- 
tangular system, based on equal-sized 
“townships” 6 miles square, each in- 
cluding 36 “sections” 1 mile square. 
Townships are related to a series of 
“Principal Meridians” running north- 
south, and “Base Lines” running east- 


2An index map showing the quadrangles is 

available free on application to the Geological 
Survey. The United States is mapped com- 
pletely by this series of topographic maps, 
mostly published after 1957. 
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FIG. 12. System for designation of 15-minute 
quadrangles within the U. S. Geological Survey 
quadrangles at scale 1:250000, 2 degrees of 
longitude by 1 degree of latitude. Quadrangles 
7.5 minutes on a side are designated as in the 
lower right corner. 


west, established by the Federal Govern- 
ment. A column of townships east or 
west of a Principal Meridian forms a 
“Range”, and a row of townships north 
or south of a Base Line forms a “Tier”. 
The location of any mile-square area 
can be described according to this sys- 
tem, so that “5ес. 5, Т 18N,R 10E” 
means section 5 in the township 18 
tiers north, and 10 ranges east, of the 
Base Line and Principal Meridian. With- 
in any given county, and usually with- 
in a state, there is no duplication of tier 
and range designations, so that specifi- 
cation of a particular Base Line or Prin- 
cipal Meridian is unnecessary. Subdi- 
visions of sections are described ordi- 
narily by quarters, so that “NW 1/4 
NE 1/4 sec. 16” means the northwestern 
quarter of the northeastern quarter of 
section 16. 

When adequate topographic maps and 
locality data are available, a particular 
locality can be described conveniently 
and more precisely by its distance from 
the nearest 2 sides of the section, for 








example “900 ft north, 1600 ft east, sec. 
12,T 8N,R 12 E” This indicates the 
locality has been located to the nearest 
hundred feet, and lies within section 12, 
900 feet north of the south side, and 
1600 feet east of the west side, in the 
township 8 tiers north and 12 ranges east. 

In areas to which a land survey has 
not been extended, or where surveying 
is incomplete, a locality can be des- 
cribed approximately by the extension of 
the nearest survey lines on a specified 
map... “5ес.. 4,5 T.).6 N, Riya eon 
surveyed” means that the township has 
not been subdivided into sections on the 
available maps, but the locality is found 
in section 4 when the standard grid of 
36 sections is applied. Original errors 
in surveying, the loss of markers and 
discrepancies between maps lead to ir- 
regularities in shape of both townships 
and sections, so that this extension of 
the lines is not a precise method for 
describing a locality. 

Recent topographic maps have a sup- 
plementary system for plotting locations 
according to “progressive grid coordi- 
nates” that has been used when the stan- 
dard land survey was inapplicable. 


1. Ringold Formation, Washington 
(NL 11-4 [Walla Walla] B-6) 


The one known locality is on the east 
side of the Columbia River, in the 
White Bluffs 9 miles north of Richland. 
Mollusks have not been recorded pre- 
viously; mammals and a turtle have been 
described from other Localities by Bratt- 
strom and Sturn (1959), Merriam and 
Buwalda (1917) and Strand and Hough 
(1952). The outcrop area of the forma- 
tion was shown on a small-scale map by 
Newcomb (1958b, Fig. 1). The fossil 
mammals’ have been interpreted as 
Pleistocene, but the formation is so 
thick that its lower part might be Plio- 
cene. The known mollusks may be 
Blancan or post-Blancan; specimens are 
in the USGS collections. Most recent 
topographic map: U. S. Geological 
Survey Richland quadrangle (1951) 
1: 62500. 


BLANCAN NONMARINE MOLLUSKS 


Fossil mollusks from Ringold Formation 


U. S. Geological Survey Cenozoic lo- 
cality 23214 (WMG-60-8F). Franklin 
County, Washington. Richland quad. 
(1951) 1:62500. 1400 ft E, 550 ft N, sec. 
25, T 11N, R 28 E. First caliche? layer 
above conglomerate member of Ringold 
Formation. About 600 ft elevation. М. J. 
Grolier, J. W. Bingham, 1960. 

Only 3 species of freshwater snails 
are represented: 

Planorbidae 
Omalodiscus pattersoni (Baker) 
Planorbella cf P. subcrenata (Car- 
penter) 
Physidae 
Physa 


This assemblage probably represents 
a shallow-water environment, such as a 
flood-plain or the edges of a stream or 
lake, rather than an open lake. The 
water body might have been subject to 
seasonal fluctuation, but probably did 
not dry up entirely. 

The only species of stratigraphic sig- 
nificance is the extinct Omalodiscus pat- 
tersoni (Baker). In eastern North Ameri- 
ca the species is known from deposits 
as young as Wisconsin in age, but is 
common only in those older than late 
Pleistocene (Taylor, 1958). The distri- 
bution in western North America (Fig. 
13) is limited to upper Pliocene rocks 
except for the occurrence in the Ringold 
Formation. This meager evidence fa- 
vors an age earlier than late Pleisto- 
cene, perhaps Blancan, for the part of 
the Ringold from which the mollusks 
come. Additional collections and more 
detailed stratigraphic studies will be 
necessary to establish the age-range 
represented by the formation, and the 
relationship of the fossil mammals to 
the mollusks. 


2. Butte Valley, California 
(NK 10-9 [Alturas] D-8) 


The described fossil localities are all 
within a radius of 1 1/2 miles, on the 
northeastern side of Butte Valley, south 
and southeast of the town of Dorris. 
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Mollusks were described and illustrated 
by Hanna and Gester (1963), and listed 
from another locality by Wood (1961: 
40). The fossiliferous unit is shown as 
nonmarine upper Pliocene on the Geo- 
logie Map of California, Olaf P. Jen- 
kins edition, Alturas sheet (1958), and 
as part of Quaternary alluvium by Wood 
(1961, pl. 1). The fauna includes 9 
species and one endemic genus, Hanni- 
balina. No organisms besides mollusks 
have been described from this formation. 
The late Pliocene age assigned by the 
Geologic Map of California is accepted 
here. The fossils described by Hanna 
and Gester (1963) are in CAS collections; 
those listed by Wood (1961) are USGS 
20235. Most recent topographic map: 
U. S. Geological Survey Dorris quad- 
rangle (1950) 1:62500. 


3. Yonna Formation, Oregon 
(NK 10-6 [Klamath Falls] A-6, 8, B-7) 


Yonna Valley 


Freshwater mollusks were listed by 
Newcomb (1958: 46). Stratigraphic sec- 
tions and a generalized map of the dis- 
tribution of the Yonna Formation were 
given by Newcomb. (1958a). The fauna 
includes 9 species, the relationships of 
which cannot be determined in detail 
because of poor quality of preservation. 
No other fossils are known from Yonna 
Valley, but elsewhere the formation has 
yielded a peccary, interpreted as of mid- 
dle Pliocene age, stratigraphically below 
the mollusks (Newcomb, 1958a: 47), and 
late Pliocene diatoms (Moore, 1937; 
Wood, 1961). A Blancan age is assigned 
to the mollusks. Fossils are in USGS 
and CAS collections. Most recent topo- 
graphic map: U. S. Geological Survey 
Swan Lake quadrangle (1957) 1:62500. 


Mollusks from Yonna Formationin Yonna 
Valley 


U. S. Geological Survey Cenozoic lo- 
cality 20218. Klamath Co., Oregon. 
Swan Lake quadrangle (1957) 1: 62500. 
NW 1/4 NE 1/4 sec. 34, T 37 S,R 
11 1/2 E. Brown semiconsolidated 
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FIG. 13. Distribution of the freshwater snail Omalodiscus pattersoni (Baker), family Planor- 
bidae, west of the continental divide in North America. Localities are from Taylor (1958), with 
addition of occurrence in the Ringold Formation recorded herein. 


tuffaceous sandstone. J. D. Meyers. Valvata sp. undet.: Newcomb, 1958a: 
The fossils occur as molds with traces 46. 
of shell remaining. Juga ? 
Sphaerium Lithoglyphus 
Sphaerium: Newcomb, 1958a: 46 Amnicola: Newcomb, 1958a: 46 
Payettiidae, indeterminate Lanx 


Valvata Lanx cf Г. klamathensis Hannibal: 
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Newcomb, 1958a: 46 
Vorticifex 
Parapholyx of packardi (Hanna): 
Newcomb, 1958a: 46 
Lymnaea sp. undet.: 
1958a: 46 
Helisoma (Carinifex) 
Carnifex: Newcomb, 1958a: 46 
Vorticifex binneyi (Meek): Newcomb 


Newcomb, 


1958a: 46 

Physa 

Physa sp. undet.: Newcomb, 1958a: 
46 


The preservation of the fossils is in- 
adequate for specific identification, but 
general relationships are evident. The 
affinities of the fauna are entirely with 
other Blancan assemblages of the region. 
The Helisoma (Carinifex) is most like the 
Species identified by Hanna and Gester 
(1963) from Butte Valley, California (Fig. 
1, locality 2) as Carinifex newberryi 
(Lea). The Vorticifex is very large, 
attaining a width of 33 mm (slightly 
distorted internal molds), and in this 
respect is approached only by the large 
Vorticifex from the Summer Lake Basin 
(Fig. 1, locality 4). One internal mold 
of a pleurocerid shows traces of cari- 
nation on the body whorl. It might repre- 
sent Juga, living in the region, or else 
a species like “Melania” taylori from 
the Glenns Ferry Formation in south- 
western Idaho (Fig. 1, locality 34). 


Lower Klamath Lake basin 


Hanna (1963: 17) recorded a large 
species of Vorticifex that is probably 
the same one found in the Yonna Forma- 
tion of Yonna Valley, judging by size 
and proportions. The distribution of the 
formation in Lower Klamath Lake basin, 
Oregon, was shown generally by New- 
comb (1958a: 43). 

The southward extension of Yonna For- 
mation in the Lower Klamath Lake basin, 
California, was described and mapped by 
Wood (1961: 35-38, pl. 1) as “diatomite 
(Pliocene)”. Diatoms indicative of late 
Pliocene age occur both in this area of 
the Yonna Formation, California, and 
northward in Oregon. Wood identified 
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the diatomite as “a continuation of the 
diatomite in the Klamath diatomite dis- 
trict” that Newcomb (1958a) described 
as Yonna Formation after Wood’s manu- 
script was written. 

The locality given by Hanna (1963: 
17) as “Sec. 3, T4S, R8 E” is probably 
an error for sec. 3, T 40S, R 8E. 
Fossils are in the CAS collections. 
Most recent topographic map: U.S. 
Geological Survey Klamath Falls quad- 
rangle (1957) 1: 62500. 


Tule Lake basin 


Fossils in USGS collections from the 
Tule Lake basin have not been reported 
previously. Composition of the matrix 
is like that from Yonna Valley, and the 
map by Newcomb (1958a: 43) shows 
Yonna Formation in the immediate vici- 
nity. Five species are represented, 
all aquatic. Moore (1937: 43-44) listed 
diatoms from the immediate vicinity. 
A Blancan age is assigned here. Fos- 
sils are in USGS collections. Most re- 
cent topographic map: U.S. Geological 
Survey Malin quadrangle (1957) 1: 62500. 

U. S. Geological Survey Cenozoic lo- 
cality 7047. Klamath Co., Oregon. 
Malin quadrangle (1957) 1: 62500. Well 
near road from Tule Lake to Poe Valley, 
4 1/2 miles north of state line. Fossils 
sent by Mr. Worden to Eugene Rick- 
secker. (About sec. 25, T 40S,R 11 E). 

Sphaerium n. sp., most similar to S. 
idahoensis Meek from the Glenns Ferry 
Formation, Idaho (Fig. 1, locality 34). 

Pisidium ultramontanum Prime 
Pisidium sp. 

Lithoglyphus ? 

Vorticifex 


4. Summer Lake, Oregon 
(NK 10-6 [Klamath Falls] D-3,4) 


Mollusks have been described or re- 
corded from the Summer Lake basin by 
Waring (1908), Hannibal (1910, 1912b: 
135, 136, 149, 158, 162, 163, 186, 197), 
Baker (1942) and Hanna (1963: 17-18). 
A fossiliferous unit, perhaps the one 
yielding some of the published material, 
was mentioned by Waring (1908: 24). 
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No geologic maps of stratigraphic data 
are available. Nearly 20 species are 
known, all aquatic. The genus Para- 
planorbis is known only fromthe Warner 
Lake and Summer Lake basins. No 
other fossils have been described. A 
Blancan age is probable because nearly 
all species are extinct and not closely 
related to living species. Fossils are 
in SU and USGS collections. Most re- 
cent topographic map: U.S. Geological 
Survey Klamath Falls quadrangle (1958) 
1: 250000. 


Systematic Position of Paraplanorbis 


The genus Paraplanorbis has been 
classified as a planorbid related to 
Drepanotrema (Pilsbry, 1934a; F. C. 
Baker, 1945; Zilch, 1959-1960). Harry 
and Hubendick (1964) have diagnosed the 
Drepanotrematinae, and included in the 
group only Drepanotrema, Antillorbis 
and probably Acrorbis. Paraplanorbis 
has thus been left temporarily without 
a home. I suggest it can be placed 
more reasonably in the Planorbulinae, 
beside Menetus and Promenetus, on the 
basis of material examined in USGS 
collections. 

Especially characteristic features of 
Paraplanorbis are the closely coiled 
whorls, concave right side, narrow, deep 
pit on the left side and small size. 
The shell is coarsely sculptured with 
growth lines and thicker than that of 
Drepanotrema. None of the fossils seen 
are well enough preserved to show api- 
cal sculpture, which on the basis of 
the studies by Walter (1962) and un- 
published observations by Walter and 
me would almost certainly enable one 
to determine whether the genus is closely 
related to Drepanotrema. The form, 
size and texture of the shell are all 
more like these features in Menetus 
(s. s.), Menetus (Planorbifex) and Pro- 
menetus (Phreatomenetus) than in pre- 
sently recognized Drepanotrematinae. 


5. Goose Lake, California-Oregon 
(NK 10-9 [Alturas] D-2, 
NK 10-6 [Klamath Falls] A-2) 


Waring (1908: 30) briefly mentioned 


mollusks from the southeastern side of 
the lake. One vaguely located collec- 
tion is known from “near Lakeview”. 
Mollusks are the only fossils, and are 
recorded for the first time. About 8 
Species are represented, most of them 
endemic but with near relatives in the 
Summer Lake basin to the north (Fig. 
1, locality 4). A Blancan age is as- 


signed here. All material is in USGS 
collections. Most recent topographic 
maps: U.S. Geological Survey Klamath 


Falls quadrangle (1958) 1: 250000, Wil- 
low Ranch (1962) 1: 62500. 

A single collection, USGS 10989, “lake 
beds near Lakeview”, H. T. Stearns, 
1926, provides the only evidence for 
Blancan mollusks in the basin. The 
general aspect of the assemblage is like 
that from the Summer Lake basin with 
which it is correlated. The species of 
Valvata and Vorticifex are most com- 
mon and are related to those in the 
Summer Lake basin. Mostofthe species 
are undescribed, but formal naming 
would be unwise without precise locality 
information. Previously described spe- 
cies are Pisidium compressum Prime 
and P. ultramontanum Prime. 


6. Warner Lakes, Oregon 
(NK 11-4 [Adel] C-7, 8) 


Hanna (1922) described mollusks from 
the vicinity of Warner Lake. No strati- 
graphic data are available, and not even 
precise locality data, for that collection 
or other material in USGS collections. 
The only fossils known are about 15 
species of mollusks, all aquatic, most of 
them found also in the Summer Lake 
Basin (Fig. 1, locality 4). A Blancan 
age is probable because of the high per- 
centage of extinct species. Fossils are 
in collections of the University of Oregon 
and USGS. Most recent topographic 
map: U. S. Geological Survey Adel 
quadrangle (1958) 1: 250000. 


7. Danforth Formation, Oregon 
(NK 11-1 [Burns] A-4) 


The 2 known fossil localities are less 
than a quarter-mile apart, west of the 
Donner and Blitzen River on the south 
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side of Harney Lake basin. Mollusks 
were listed previously by Piper et al. 
(1940: 48). The fossiliferous unit is 
shown as the basalitic breccia member 
of the Danforth Formation by Piper et 
al. (1940, pl. 2). The fauna includes 
about 10 species, perhaps as many as 
half still extant. No organisms besides 
mollusks have been described from this 
formation. The Danforth was tentatively 
assigned a Pliocene age by Piper et al. 
(1940); the mollusks are late middle 
Pliocene or late Pliocene. All fossils 
are in USGS collections. Most recent 
topographic map: U.S. Geological Sur- 
vey Burns quadrangle (1959) 1: 250000. 


Mollusks from the Danforth Formation 


The following notes are intended 
mainly to correct previous records and 
to provide a basis for age assignment. 
A fuller description of the fauna would 
be premature without larger collections. 

U. 5. Geological Survey Cenozoic lo- 
cality 12851 (F-18). Harney Co., Oregon. 
NW 1/4 NW 1/4 sec. 18, T 28S, R 31 E. 
Unit 10 of Piper et al. (1940: 45). C. F. 
Park, Jr. The fossils are preserved 
as light-colored casts, more oftenasin- 
ternal molds. 

U. S. Geological Survey Cenozoic lo- 
cality 22687 (R-25-61). Harney Co., 
Oregon. NW 1/4 NW 1/4sec. 18, T 28S, 
R 31 E. About 3/4 way up south face of 
isolated double-peaked butte, and about 
30 feet below the olivine basalt that is 
unit 11 of Piper et al. (1940: 45). G. W. 
Walker et al., 1961. This collection was 
intended to be an additional sample from 
12851, but the faunal differences are such 
that it came evidently from a slightly 
different spot. C. A. Repenning, one of 
the collectors, doubted there is more 
than 20 feet stratigraphic difference be- 
tween the samples (letter dated January 
23, 1962). The shells are mineralized, 
light gray, and some are worn as if 
transported before deposition. 


Sphaeriidae 
Pisidium spp. (locality 12851) 
Pisidium sp.: Piper et al., 1940, 
U. 5. Geol. Survey Water-Supply 


Pap., 841: 48. 
Seven poorly preserved specimens 
represent more than one species, but 
cannot be identified. 


Valvatidae 

Valvata sp. n. (locality 12851). 

One poorly preserved specimen re- 
presents a multicarinate species, neither 
У. whitei Hannibal nor У. calli Hannibal, 
described from Summer Lake basin, 
Oregon (Fig. 1, locality 4), nor any spe- 
cies known from Blancan or younger fau- 
nas of southern Idaho. 


Hydrobiidae 
Lithoglyphus hindsii (Baird) (localities 
12851, 22687) 
Fluminicola fusca Haldeman: Piper 
et al., 1940, U. S. Geol. Survey 
Water-Supply Pap., 841: 48, inpart. 
This occurrence is slightly outside 
the recent range of the species (see 
distribution map, Fig. 14), and the only 
known Blancan record. In southwestern 
Idaho many species of the genus are 
known in the Glenns Ferry Formation, 
but Г. hindsii first appears in the geo- 
logic record in the Middle Pleistocene 
Bruneau Formation (Malde, 1965). If 
L. hindsii lived in southeastern Oregon 
while the Glenns Ferry Formation was 
being deposited, it probably lived in 
southern Idaho also, in environments not 
represented by known fossil localities. 


Hydrobiidae? (locality 12851) 
Fluminicola fusca Haldeman: Piper 
et al., 1940, U. S. Geol. Survey 
Water-Supply Pap., 841: 48, inpart. 

Poorly preserved specimens repre- 
sent other species or genera of larger 

Hydrobiidae, or of Pliopholygidae. 


Lymnaeidae 

Lymnaea (Stagnicola) sp. n. (locality 

12851) 

Fossaria? sp.: Piper et al., 1940, 
U. 5. Geol. Survey Water-Supply 
Pap., 841: 48. 

Well-preserved material permits re- 
cognition of a small, slender species of 
Stagnicola with numerous coarse axial 
riblets. It is not close to any living 
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FIG. 14. Distribution of Lithoglyphus hindsii (Baird), 1863, family Hydrobiidae, a snail of 
creeks and rivers. From specimens in collections AGS, CAS, MCZ, SSB, SU, UCMNH, UMMZ, 
USGS, USNM and WOG; and from published records by Carpenter (1864). Included as synonyms 
are Fluminicola coloradoense Morrison (1940), F. fusca of practically all authors except 
Haldeman (1841), the original describer, and Anculotus nuttalii Reeve (1861). The numerous 
Pleistocene records are not shown; there are many in northwestern Utah in the deposits of Lake 
Bonneville. The record by Henderson (1936a: 139) from the Clearwater River, Spalding, Nez 
Perce Co., Idaho was based on L. nuttallianus (Lea) as determined by a series examined alive 
(DWT T63012601). The triangle west of the area of living occurrences (dots) marks the fossil 
occurrence in the Danforth Formation. 
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species. The nearest described forms 
are L. albiconica Taylor and L.filocosta 
Hanna, known from Pliocene rocks in 
California, Arizona, Wyoming andIdaho. 
An even closer similarity is shown by 
the species listed by Carr and Trimble 
(1963: G13) as Stagnicola n. sp. fromthe 
Starlight Formation of early to middle 
Pliocene age in southeastern Idaho. 

Lymnaea (Stagnicola) hinkleyi Baker 

(locality 22687) 

This is the oldest record of this ex- 
tant species, common in the Snake River 
of southern Idaho and adjacent Oregon. 
Its ecological implications are signifi- 
cant, for it is strictly a large-stream 
species. In the Snake River drainage it 
is found only in the Snake River and its 
largest tributaries in east-central Idaho. 
Such superficially suitable rivers flowing 
into the Snake, as the Teton, Salt, 
Blackfoot, Portneuf, Bruneau, Malad and 
Owyhee, do not contain this species nor 
any other representative of the Lymnaea 
emarginata group of Stagnicola. Hence 
at the time this part of the Danforth 
Formation was being deposited a peren- 
nial river of considerable size probably 
was in communication with the Snake 
River of southern Idaho. This evidence 
alone isinadequate to suggest whether the 
stream was the Snake River, flowing 
westward from southern Idaho, or whe- 
ther it was an eastward-flowing tribu- 
tary of the Snake. 

Lymnaea (Stagnicola) sp. 

12851) 

Three specimens may be unusually 
broad and short-spired variants of Lym- 
naea (Stagnicola) n. sp., but probably are 
another species. Sculpture is poorly 
preserved, but seems to have been 
coarse. 


(locality 


Planorbidae 

Helisoma (s. s.) anceps (Menke) (lo- 

cality 22687) 

This is the oldest record of this ex- 
tant species from west of the Continen- 
tal Divide. It is known by late Pleisto- 
cene fossils from several localities in 
southeastern Idaho, but the nearest living 
occurrences are in the Columbia River 


drainage of northern Idaho, northern 
Oregon, Washington and Montana. 

If the populations of Нейзота anceps 
in the Snake River drainage were de- 
rived from the upper Missouri River 
drainage of western Montana, then these 
fossils from locality 22687 indicate that 
the transfer is at least as old as Blan- 
can times. 

Vorticifex cf V. tryoni 

cality 12851) 

Pompholix ? sp.: Piper et al., 1940, 
U. S. Geol. Survey Water-Supply 
Pap., 841: 48. 

Several specimens represent a species 
of Vorticifex that is distinct from any 
known from Oregon or Idaho. It is most 
similar to V.tryoni (Meek), from the 
Pliocene Truckee Formation of the Hot 
Springs Mountains, Nevada (Yen, 1950), 
but pending a revision of the numerous 
and variable species of this genus the 
proposal of a new name is unwise. 

Promenetus umbilicatellus (Cocke- 

rell)? (locality 12851) 

“Gyraulus parvus Say”: Piper etal., 
1940, U. S. Geol. Survey Water- 
Supply Pap., 841: 48. 

This species is widespread today in 
much of North America (see distribution 
map in Hibbard and Taylor, 1960: 112) 
and known from rocks as old as middle 
Pliocene in southeastern Idaho (Carr 
and Trimble, 1963: G13). Planorbis 
scabiosus Hanna (1922) may be this same 
species; if so it is the only one com- 
mon to the Warner Lake area (Fig. 1, 
locality 6) and to the Danforth Forma- 
tion. 

The below summary of the strati- 
graphic and geographic distribution of 
the mollusks in the Danforth Formation, 
or of their near relatives, reveals the 
mixed affinities of the fauna. There are 
no species forming a clear link with the 
known Blancan faunas of the geographi- 
cally nearest areas—southwestern Idaho 
or southern Oregon—but instead with 
the Recent fauna of the Snake River and 
the Pliocene of northwestern Nevada. 
The balance of these affinities makes 
reasonable a Blancan age assignment, 


(Meek) (lo- 
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Danforth Formation species 


Geographie affinities 





Pisidium spp. 
Valvata sp. n. 
Lithoglyphus hindsii (Baird) 


Hydrobiidae? 

Lymnaea (Stagnicola) n. sp. 
Lymnaea (Stagnicola) hinkleyi Baker 
Lymnaea (Stagnicola) sp. 

Helisoma (s.s.) anceps (Menke) 


Vorticifex cf V. tryoni (Meek) 


Promenetus umbilicatellus (Cockerell) 


Nearest relative late Pliocene, NW Nevada 

Extant in Snake River, Idaho; unknown fossil 
or living in Harney Basin 

Nearest relative middle Pliocene, SE Idaho 

Extant in Snake River, Idaho; unknown fossil 
or living in Harney Basin 

Extant in northern Columbia River drainage; 
late Pleistocene in SE Idaho; unknown 
otherwise in Harney Basin 

Nearest relative early to middle Pliocene, 
NW Neveda 

Widespread in North America 





but if this is correct and if other Blan- 
can faunas listed herein are correla- 
tive, then there was great diversity 
among the aquatic mollusks of adjacent 
basins within a geologically short inter- 
val. Such differences could be explained 
by the effects of geographic isolation 
coupled with evolution of locally ende- 
mic faunas, and with a narrow restric- 
tion of species to their habitats so that 
facies differences accentuated those due 
to provinciality. 

Leaving aside paleontological sources 
of age assignment, there remains physi- 
cal and stratigraphic evidence. In the 
Danforth Formation the mollusks occur 
in the basaltic breccia member, below 
the rhyolitic tuff breccia member (Piper 
et al., 1940: 47). Campbell et al. (1958) 
correlated the latter withthe widespread 
rhyolite of the Rattlesnake Formation 
(Merriam et al., 1925), dated 6.4 million 
years old (Evernden et al., 1964, sample 
KA 1206). This date provides a mini- 
mum age for the mollusks, if both the 
local stratigraphy and relationship ofthe 
rhyolites are correctly understood. This 
age would seem to show that the ex- 
tinct species in the Danforth, with rela- 
tives in the middle Pliocene, provide a 
more reliable clue to age than does a 
balance between the extinct and survi- 
ving species. 


8. Tehama Formation, California 
(NJ 10-2 [Ukiah] A-1) 


The one known fossil mollusk locality 
is on the west side of the Sacramento 
Valley, 17 miles southwest of Colusa. 
Mollusks are reported here for the first 
time. The formation has been described 
and mapped by Anderson and Russell 
(1935), and is shown as nonmarine upper 
Pliocene on the Geologic Map of Cali- 
fornia, Olaf P. Jenkins editions, Ukiah 
sheet (1960) 1: 250000. Mammals from 
the Tehama Formation have been des- 
cribed by Russell and Vander Hoof 
(1931) and Vander Hoof (1933). A widely 
recognized pink dacitic tuff, the Nomlaki 
Tuff, occurs near the base of the Tehama 
Formation and has yielded a K/A radio- 
genic date of 3.3 million years (Evern- 
den et al., 1964, sample KA 587). Fos- 
sils are in UCMP collections. Most 
recent topographic map: U.S. Geologi- 
cal Survey Colusa quadrangle (1953) 
1: 62500. 


Mollusks from Tehama Formation 


UCMP locality B-930. Colusa County, 
California. Colusa quadrangle (1953) 
1: 62500. North edge of NE 1/4 sec. 
4, T 13 N, R 3 W. High steep bluff on 
north side of tributary to Sand Creek. 
Shells from pieces of float in wash bed, 
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coming from bluff, near middle of Te- 
hama Formation. H. I. Dobbins, 1954. 
Unionidae 
Anodonta wahlamatensis Lea 
Sphaeriidae 
Pisidium compressum Prime 
Hydrobiidae 
“Hydrobia” 
Savaginius yatesianus (Cooper) 
This small assemblage couldbe dupli- 
cated in the Santa Clara Formation (Fig. 
1, locality 11) and is much like that re- 
ported from the San Benito Gravels 
(Fig. 1, locality 15). The geographic 
range of the extinct Savaginius species, 
and the contrast of the assemblages 
mentioned with those from the Petaluma 
Formation (Fig. 1, locality 10) or Puri- 
sima Group (Fig. 1, locality 14), lend 
credence to correlation of the mollusks 
from the Tehama, Santa Clara and San 
Benito localities. 


9. Cache Formation, California 
(Santa Rosa D-3, Ukiah A-2, A-3) 


Mollusks from the Cache Formation 
have been listed or mentioned by Becker 
(1888: 220-221), Hannibal (1912b: 126, 
127, 131, 136, 165, 186, 197) and Ander- 
son (1936). Distribution of the Cache 
Formation is shown by Brice (1953), 
and the Geologic Map of California, 
Olaf P. Jenkins edition, Santa Rosa 
sheet (1963) and Ukiah sheet (1960). 
Nine species of mollusks were recorded 
by Hannibal, but no descriptions or il- 
lustrations have been published and pre- 
vious literature is insufficient to identify 
any species by modern standards. Other 
fossils known from the formation in- 
clude diatoms and a questionably identi- 
fied mammoth (Anderson, 1936), and 
fragmentary remains of other mammals 
(Becker, 1888: 221). The age assign- 
ment of late Pliocene and early Pleisto- 
cene (Geologic Map of California) is 
accepted here. The mammoth, if cor- 
rectly identified, indicates an age later 
than earliest Pleistocene for part of the 
formation. The fossils identified by 
Stearns and recorded by Becker (1888) 
have not been found in USNM or USGS 
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collections. Most recent topographic 
maps: U. S. Geological Survey quad- 
rangles, Clearlake Oaks (1960) 1: 62500, 
Lower Lake (1958) 1: 24000. 


Mollusks from Cache Formation 


USGS Cenozoic locality 222. Lake 
County, California. Grizzly Canyon, 
near Grigsby’s (probably about sec. 2or 
3, Т 14N, R 6 W). Cache Formation. H. 
W. Turner. 

This material, all that is in USGS col- 
lections from the Cache Formation, in- 
cludes the following species: 

Unionidae 

Anodonta wahlamatensis Lea (PI. 1, 

Bie. 5400) 

Sphaeriidae 

Pisidium compressum Prime 
Valvatidae 

Valvata humeralis Say 
Hydrobiidae 

Hydrobia? cf H.? andersoni Arnold 
Planorbidae (fragment) 
Physidae 

Physa 


10. Petaluma Formation, California 
(NJ 10-5 [Santa Rosa] A-3, B-3) 


Fossil mollusks occur in the valley of 
Petaluma Creek within a radius of about 
5 miles of Petaluma. Dickerson (1922), 
Hanna (1923), Osmont (1905) and Weaver 
(1949a,b) recorded 12 species of fresh- 
water and brackish-water mollusks. The 
Petaluma Formation was described and 
mapped by Dickerson (1922), Morse and 
Bailey (1935) and Weaver (1949a,b) and 
is shown on the Geologic Map of Cali- 
fornia (Olaf P. Jenkins edition) Santa 
Rosa sheet (1963) 1: 250000. Other 
nonmarine fossils known from the forma- 
tion include a few mammals (Stirton, 
1939, 1952) and plants (Axelrod, 1944a; 
Dorf, 1930: 16-17). The late Hemphil- 
lian age assigned by Stirton (1952) tothe 
main body of the formation is accepted 
here. Fossil mollusks are in CAS and 
USGS collections. Most recent topo- 
graphic maps: U.S. Geological Survey 
quadrangles (1954) 1: 24000: Cotati, Glen 
Ellen, Kenwood and Petaluma River. 
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Localities 


More accurate topographic maps, and 
changes in place names used previously 
to describe the fossil localities, make 
desirable revised locality descriptions. 
All sites are in Sonoma County, Cali- 
fornia. 

1. Cotati quadrangle (1954) 1: 24000. 
Sec. 33 or 34, T6 N, ВТУ. Valley 
of Lichau Creek about 2 miles north- 
east of Penngrove. Osmont (1905: 62) 
recorded Corbicula near the headwaters 
of Petaluma Creek, 2 miles northeast 
of Penngrove. This may well be the 
same spot recorded by Dickerson (1922: 
542) as on upper Lichau Creek. 

2. CAS locality 417 (USGS 23269). 
Cotati quadrangle (1954) 1: 24000. Sec. 
9, T5 N, R 7 W, unsurveyed. Willow 
Brook (formerly Haggin Creek) about 200 
ft below (southwest) of bridge on Adobe 
Road 1 mile southeast of Penngrove. 

3. Glenn Elıen quadrangle (1954) 
1: 24000. T 5 N, R 7 W, unsurveyed. 
Lynch Creek, no specific locality (Wea- 
ver, 1949a: 89; 1949b: 45). 


4. CAS locality 415. Glen Ellen 
quadrangle (1954) 1: 24000. Sec. 14, 
T 5N, ВТУ, unsurveyed. Unnamed 


canyon 2.1 miles N 26° E of Payran (for- 
merly Elmore) School, and 0.4 mile 
southeast of road to Mountain School. 
This may be the locality mentioned by 
Weaver (1949a: 89) asin Mountain School 
creek. 

5. UCMP locality 1036. Glen Ellen 
quadrangle (1954) 1: 24000. Sec. 12, 
T 5 N, ВТУ, unsurveyed. Old coal mine 
about 100 yards southeast of Lawler 
Ranch house on hillside west of barn. 
Type locality of Neohipparion gidleyi 
Merriam. Indeterminate mollusks men- 
tioned by Osmont (1905: 57). 

6. CIT locality 134. Glen Ellen quad- 
rangle (1954) 1: 24000. Sec. 29, T5N, 
R 6 W, unsurveyed. West bank of gulch 
1000 ft N 68°E from Witt-Decker No. 2 
oil well and 8400 ft due east of Peta- 
luma Adobe State Historical Monument. 
Neohipparion cf М. gidleyi Merriam 
(Morse and Bailey, 1935: 1447). 


7. CAS locality 418. Petaluma River 
quadrangle (1954) 1: 24000. About sec. 
29, T 5 N, В 6 W, unsurveyed. Ravine 
0.4 mile S 20° W from Sartori ranch 
house; mollusks (Hanna, 1923). The 
locality has not been relocated precisely. 

8. UCMP locality V3647. Petaluma 
River quadrangle (1954) 1: 24000. Sec. 
5, T 4 N, R 6 W, unsurveyed. Road cut 
on southeast side of Stage Gulch Road 
at head of Stage Gulch. Horse (Stirton, 
1939: 389-390). 

9. Petaluma River quadrangle (1954) 
1: 24000. Sec. 5, T 4N, R 6 W, unsur- 
veyed. “Middle of the first large road 
cut along the county road, directly east 
of the Lakeville School”; plants recorded 
by Axelrod (1944a). 

10. UCMP locality P 158. Petaluma 
River quadrangle (1954) 1: 24000. Sec. 
8, ТАМ, R 6 W, unsurveyed. “Exposure 
of buff-colored, tufaceous sandstone a 
half mile southeast of Lakeville in a cut 
on the dirt road which runs eastward a 
quarter mile south of that town”; plants 
recorded by Dorf (1930). 

11. UCMP B-1372. Kenwood quad- 
rangle (1954) 1: 24000. SW 1/4 sec. 
35, T 8 М, В ТУ, in road cut 0.1 mile 
from house at end of road. D. Rose, 
1954. Coretus, referable to C. plenus 
(Hanna). 

12. UCMP locality V-5230. Kenwood 
quadrangle (1954) 1: 24000. South center 
of NE 1/4 sec. 10, T 6 N,R 7 W,in 
northwest-facing exposure on ridge 1/2 
mile S 20° E of Jacobs Ranch. Matrix 
is brownish gray mudstone ofa sequence 
of slumping mudstones and fine-grained 
sandy sediments mapped as approxi- 
mately the top of the Petaluma Formation 
here. Leo Herrera and Wayne Moen, 
1952. Plesippine Equus, Blancan. 

13. UCMP locality V-5231. Mare Is- 
land quadrangle (1942 CE) 1: 62500. Pro- 
gressive grid coordinates 859,300- 
1,718,100; 3000 yards northwest ofSears 
Point road junction of state highways 48 
and 37. Fossil at 350-400 ft elevation 
on east wall and near head of small 
valley that parallels Tolay Creek for 
1.2 miles and then joins that creek just 
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east of highway 37 and 700 yards north 
of Sears Point junction. Mapped as 
Merced Formation by Weaver (1949a,b) 
but probably Petaluma Formation. 
Plesippine Equus, Blancan. 


Molluscan Fauna 


The following revised list of the mol- 
lusks ofthe Petaluma Formationincludes 
both limited taxonomic revision and 
nomenclatural changes. 

Sphaeriidae 

Sphaerium cynodon Hanna 
Pisidium compressum Prime 
Corbiculidae 
Corbicula gabbiana Henderson 
Hydrobiidae 
Nematurella euzona Hanna 
Pleuroceridae 
Juga chrysopylica Taylor, newname 
Lymnaeidae 
Bulimnea petaluma Hanna (probably 
includes Lymnaea contracosta 
Cooper as recorded by Hanna) 
Lymnaea filocosta Hanna 
Lymnaea limatula Hanna 
Planorbidae 
Coretus plenus (Hanna) 
Gyraulus pleiopleurus (Hanna) 
Physidae 
Physa 


Juga chrysopylica Taylor, 
new name 


1922 “Bittium vodeoensis (Clark)”: 
Dickerson, Proc. Calif. Acad. Sci., ser. 
4, 11: 542. 

1923 “Goniobasis rodeoensis (Clark)”: 
Hanna, Proc. Calif. Acad. Sci., ser. 4, 
1204 pls. 1, fig. 3. 

1935 “Goniobasis rodeoensis (Clark)”: 
Henderson, Spec. Pap. geol. Soc. Am., 
3: 45, 268. 

1949 “Goniobasis rodeoensis (Clark)”: 
Weaver, Mem. geol. Soc. Am. , 35: 89- 
90. 

1949 “Goniobasis rodeoensis”: Weaver, 
Bull. Calif. Div. Mines, 149: 46. 

1952 “ВИНит vodeoensis (Clark)”: 
Stirton, Bull. Am. Assoc. Petrol. Geol. , 
36: 2014. 


The genus Juga H. and A. Adams 


(1854) has scarcely been used since its 
proposal. The type designation by H. B. 
Baker (1963c) fixes it on the group of 
Pleuroceridae living in northwestern 
North America, for which no other ge- 
neric name is surely available, although 
Namrutua Abbott (1943) of China is pos- 
sibly synonymous. Separation of the wes- 
tern American species as a genus from 
the eastern American forms would not 
be justified on shell characters alone; 
Juga is distinguished by the structure of 
the oviducal groove. 

The species of Juga found in the Peta- 
luma Formation has been recorded con- 
sistently as “rodeoensis” of B. L. Clark 
(1915; described as Cerithium). Study of 
the holotype and a paratype of Clark’s 
species (Pl. 1, Figs. 1-4) convinces 
me that they are not Pleuroceridae, but 
probably Potamididae. Particularly dis- 
tinctive features are the shouldered 
whorls that are relatively wide for their 
height, the gently inclined suture andthe 
strongly sinuous growth line. The illus- 
trations published by Hanna (1923), as 
well as specimens collected personally 
from the Petaluma Formation, clearly 
represent one of the Pleuroceridae and 
hence a Species lacking a valid name. 
Juga chrysopylica is proposed here as 
a substitute for “Goniobasis rodeoensis” 
of Hanna (1923), not of Clark (1915). 
The specific name comes from the 
Greek words meaning Golden Gate. 

The grouping of species of Juga is 
most practicable by the ontogeny of 
sculpture. This conclusion comes partly 
from study of Juga, partly from expe- 
rience with other genera and families, 
and supports the opinion of Henderson 
(1936b). Among the living species 3 
groups can be recognized that are for- 
malized here as subgenera, but the Peta- 
luma species represents still another 
subgenus. 


PLEUROCERIDAE 
Juga H. and A. Adams, 1854 


Genera of Recent Mollusca, 1: 304. 
Type (H. B. Baker, 1963, Nautilus, 
77: 35): Melania silicula Gould. The 
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FIGS. 1-4. 


FIGS. 5-7. 
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PLATE 1 


“Cerithium” rodeoense Clark, X 3. Figs. 1, 4, UCMP 1617/11652, paratype. Figs. 
2, 3, UCMP 1617/11651, holotype. 


Anodonta wahlamatensis Lea, X 1. Figs. 5, 7, USGS Cenozoic locality 222, Cache 
Formation, Lake County, California. Figured specimens, USNM. Fig. 6, USGS 
Cenozoic locality 21061, Santa Clara Formation, Santa Clara County, California. 
Figured specimen, USNM. 
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prior designation by Hannibal (1912b: 
174) of Buccinum virginicum Gmelin as 
type species is invalid, for that spe- 
cies was not originally listedinthe genus. 

The shell isturriform, 20-50 mm long, 
with an elongate, oval aperture, simple 
lip and gently sinuous growth line. It 
may be smooth except for growth lines, 
or strongly plicate, lirate or cancellate. 
Color in the shell may be evenly dis- 
tributed, or in a few spiralbands. Oper- 
culum paucispiral. Mantle edge smooth. 
An oviducal groove on the right side of 
the body stalk extends ventrally to the 
sole. At about the level of the oper- 
culum (when the snail is crawling) the 
groove flares into a broad, shallow tri- 
angular depression overhung along its 
anterior border by a flap of tissue. 

Subgenus Juga в. s.: The first 1-3 
whorls are smooth; then strong ribs that 
may be shouldered appear. Fine spiral 
cords may occur on later whorls, expe- 
cially marked on and below the peri- 
phery. The spiral cords override the 
axial ribs without change in strength, 
and are conspicuously narrower and 
lower than the ribs. Recent distri- 
bution, northern California to Washing- 
ton, U. S. A.; also China, if Namrutua 
Abbott (1948) is a synonym. 

Subgenus Calibasis Taylor, new sub- 
genus: Sculpture begins as a peripheral 
carina to which others, equally strong, 
are added. The spiral ridges become 
relatively high and waved, especially on 
the shoulder, giving a frilly appear- 
ance. Spiral sculpture may be lost on 
later whorls, so that decollate adults 
show no trace of it. Type: Juga acutifil- 
osa (Stearns), 1890. Recent distribution, 
northern California, in the Sacramento 
River and Great Basin drainages. 

Subgenus Oreobasis Taylor, new sub- 
genus: Sculpture consists only of fine 
growth lines at all stages of growth. 
Type: Melania newberryi Lea, 1860, pro- 
bably a synonym of Melania bulbosa 
Gould, 1847. Recent distribution: north- 
ern California to Washington, U. S. A. 

Subgenus /dabasis Taylor, new sub- 
genus: Sculpture begins as a peri- 
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pheral carina to which spiral ridges 
and axial ribs are soon added, givingthe 
early whorls a cancellate or reticulate 
appearance. On later whorls only the ribs 
or only spiral cords may be present. The 
early ribs distinguish this group from 
some species of Calibasis that may be 
otherwise similar in adult sculpture. 
Type: Juga chrysopylica Taylor. Known 
only from Pliocene rocks in California 
and Idaho. 

According to this subdivision of Juga 
the Petaluma species is not closely re- 
lated to any of the geographically nearby 
forms. The only other speciesinthe sub- 
genus Jdabasis occur in the Glenns 
Ferry Formation, southwestern Idaho 
(Fig. 1, locality 34). One of these spe- 
cies was recorded (Taylor, 1960a) as 
Ceriphasia aff С. acutifilosa (Stearns) 
before the critical significance of sculp- 
tural ontogeny was appreciated. 


11. Santa Clara Formation, California 
(NJ 10-8 [San Francisco] B-1, C-2, 
NJ 10-9 [San Jose] A-8, B-8, C-8, 

NJ 10-5 [Santa Rosa] A-6) 


Mollusks from the Santa Clara Forma- 
tion have been recorded by Cooper (1888, 
1894a, b), Arnold (1908), Branner et al. 
(1909), Hannibal (1909, 1910, 1911, 
1912b), Pilsbry (1935) and Glen (1960). 
Distribution of the Santa Clara Formation 
has been mapped by Branner etal. (1909) 
and Lawson (1914), and is shown by the 
Geologic Map of California, Olaf P. Jen- 
kins edition, San Francisco sheet (1961). 
About 15 species are known. Other 
described fossils include 17 species of 
plants (Hannibal, 1911; Chaney, 1925: 45; 
Dorf, 1930; Axelrod, 1944b: 216-217). 
The transitional latest Pliocene-earliest 
Pleistocene age assigned to the Santa 
Clara Formation (Geologic Map of Cali- 
fornia) is accepted here. Fossils are in 
ANSP, CAS, SU, UCMP and USGS col- 
lections. Most recent topographic maps: 
U. S. Geological Survey quadrangles, 
1: 24000: Cupertino (1961), Los Gatos 
(1953), Milpitas (1961), Mountain View 
(1961), Niles (1961), Palo Alto (1961), 
Petaluma Point (1959), San Jose East 
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TABLE 2. 




















Locality 


Anodonta wahlamatensis Lea (pl. 1, fig. 6) 
Sphaerium 

Pisidium casertanum (Poli) 
Pisidium compressum Prime 
Lithoglyphus sanmateoensis (Glen) 
Savaginius yatesianus (Cooper) 
Savaginius aff S. yatesianus (Cooper) 
Pyrgulopsis tropidogyra Pilsbry 
Lymnaea 

Gyraulus circumstriatus (Tryon) 
Menetus centervillensis (Tryon) 
Helisoma sanctaeclarae (Hannibal) 
Planorbella (Pierosoma) 
Vorticifex durhami (Glen) 


Х = occurrence 
TL =type locality 


(1961), San Mateo (1956). 
Mollusks from Santa Clara Formation 


The mollusks in USGS collections from 
surface outcrop of the Santa Clara For- 
mation are summarized in Table 2. Sub- 
surface occurrences from probably equi- 
valent rocks in the Santa Clara Valley 
and San Pablo Bay are included. 


Localities 


21061 (UCMP V5313). Santa Clara 
Co., California. San Jose quad. (1943) 
1: 62500. Prog. grid coordinates 
913,700-913,900 E, 1,632,400-1,632,500 
N. 500 ft elev. Medium bedded silty 
sand and sandy silt with some clay shale 
lenses, moderately to poorly indurated, 
tilted and faulted. Exposures in a large 
aggregate quarry on north side of Scott 
Creek. D. W. Taylor, 1957. 

22330 (CAS locality 36724). San Mateo 
Co., California. San Mateo quad. (1956) 


Near Los Gatos 
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Distribution of mollusks in the Santa Clara Formation 


Mo Subsurface 
Clara valley 


E side Sta. 
Clara valley 





San Pablo Bay 
San Jose 





Mission 





>> 














1: 24000. 300 yards N 45° W of еп- 
trance on Skyline Blvd. to Skyline Ma- 
terials Plant No. 1. Gray fossiliferous 
mudstone. N. J. Silberling, D. Jones, 
1960. Locality from which fossils were 
described by Glen (1960). 

22865. Santa Clara Co., California. 
Mountain View quad. (1953) 1: 24000. 
NW 1/4 sec. 24, T6S, R2W, unsur- 
veyed; 3400 ft W of east section line, 
about 900 ft S of extended north line. 
Well 6S/2W-24C7, at intersection of 
Bayshore Highway and Mountain View- 
Alviso highway, BM 38. Depth 759.8- 
760.3 ft. USGS Ground-Water Branch, 
1960. 

22866. Same well, depth 872.0 ft plus. 

22867. Same well, depth 937.8-938.2 
ft» 

23575. Santa Clara Co., California. 
San Jose East quad. (1961) 1: 24000. 
NW 1/4 sec. 16, T7S, В1 Е, unsurveyed. 
Well 7S/1E-16C6, about 500 ft north of 
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FIG. 15. Distribution of Anodonta wahlamatensis Lea, 1838, family Unionidae, a freshwater 
mussel of lakes and rivers. From specimens in collections AGS, CAS, SSB, UCMNH, UCMP, 
USGS, USNM and WOG; except that the southernmost triangle is basedon a record by Wilson 
(1943). Living, dots; fossil, triangles. All fossil occurrences are Blancan. 
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corner of 12th and Martha Streets, San 
Jose, depth 834 ft. USGS Ground-Water 
Branch, 1963. 

Mission San Jose. Type locality of 
Savaginius yatesianus (Cooper, 1894a). 
The locality was assigned by C. A. 
Hall (1958) to the Irvington Gravels, 
not Santa Clara Formation. 

Near Los Gatos. Type locality of Ней- 
soma sanctaeclarae (Hannibal, 1909) and 
Pyrgulopsis tropidogyra Pilsbry (1935). 

Sonoma Co., California. Petaluma 
Point quad. (1959) 1: 24000. Tubbs 
Island, San Pablo Bay. Specimens inthe 
collection of A. G. Smith (no. 9237), 
from Tidewater-Associated Oil Co. seis- 
mohole 46A-157, given by Charles Sturz, 
1952. 


Distribution of Anodonta wahlamatensis 


The fossil record of Anodonta wahla- 
matensis is relatively full compared with 
the number of known modern occurren- 
ces, and compared with the fossil re- 
cord of most other living species of 
freshwater mollusks. Consideration of 
its ecology, and both Recent and fossil 
distribution, supports previous ideas 
about drainage changes in the California 
Coast Ranges and shows that its present 
distribution is geologically significant. 

Figure 15 shows the known distribu- 
tion of Anodonta wahlamatensis. The 
collections examined include most ofthe 
known specimens, and are adequate to 
show that A. wahlamatensis is unusual 
among western American species of the 
genus in its widely disjunct distribu- 
tion. Virtually all others inhabit a single 
drainage, or contiguous drainages. The 
restriction to lakes and large streams 
may be due to its own habitat require- 
ments, but is probably influenced more 
by ecology of the fishes that are its 
larval hosts. Judging by the distri- 
bution of the mussel, R. R. Miller 
(personal communication, 1965) con- 
Sidered the cyprinid Ptychocheilus as a 
highly probably host. 

In central California A. wahlamatensis 
is known from 4 structural basins. The 
fossil record shows that the species was 


in Clear Lake basin, the San Benito- 
Santa Clara Valley and the Sacramento 
Valley during Blancan time, and pre- 
sumably has survived in these places 
since. The occurrences in the San 
Benito-Santa Clara Valley are signifi- 
cant because of their bearing on pre- 
vious interpretations of drainage history 
in that area. 

The southernmost records of Anodonta 
wahlamatensis are in the San Benito 
River drainage, draining into Monterey 
Bay by way of the Pajaro River. If 
these outlying occurrences were for- 
merly continuous with the main range of 
the species, and if it has spread only 
through lakes and large streams suchas 
it inhabits today, then there маза агат- 
age connection northward from the San 
Benito Valley at or before the time of 
deposition of part of the San Benito Grav- 
els (probably early or middle Pleisto- 
cene). 

Drainage relationships of San Benito 
Valley and Santa Clara Valley have been 
considered by Allen (1946), Branner 
(1907), W. W. Clark (1924), Savage 
(1951) and Snyder (1913) on the basis of 
geology and fish distribution. Branner 
(1907) thought the similarity of fish fau- 
nas in the Pajaro River drainage (tri- 
butary to Monterey Bay) and in the Santa 
Clara Valley (tributary to San Francis- 
co Bay) could be explained by shifts in 
the course of Coyote Creek. This tri- 
butary of the Santa Clara Valley proba- 
bly has been alternately connected with 
the Santa Clara Valley to the north, and 
the Pajaro River drainage to the south. 
Such an explanation of fish distribution 
might seem an adequate hypothesis to 
account for the occurrences of the mus- 
sel, yet the fossil record shows the mus- 
sel distribution is substantially older 
than the geologically young lower course 
of Coyote Creek. 

Inferences from the composition of 
sediments of the Santa Clara Formation 
provide independent suggestion of for- 
mer drainage connection between the 
San Benito Valley and the Santa Clara 
Valley. “The possibility is strongly sug- 
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gested, however, that some of the Irving- 
ton rocks were derived from the area of 
San Juan Bautista-Hollister-San Benito 
and that during the early Pleistocene 
there was anintegrated drainage straight 
through from the San Benito Valley to 
San Francisco Bay, as Lawson pro- 
posed” (Savage, 1951: 224). These 
geologic data corroborate the inferences 
from mussel distribution about former 
drainage continuity. Seemingly icthy- 
ologists have assumed a younger spread 
of fish faunas in the area than is pro- 
bable, through belief in relatively rapid 
differentiation of species. 


12. Tassajero Formation, California 
(NJ 10-9 [San Jose] D-8) 


Stearns (1881: 109) mentioned the snail 
Carinifex from a locality that is pro- 
bably in the Tassajero Formation of 
Clark (1933). C. A. Hali (1958) mapped 
Orinda Formation in the area, but did not 
mention Clark’s Tassajero Formation. 
The fossils recorded by Stearns were 
collected by J. G. Cooper, and were 
formerly in the State Geological Sur- 
vey collection at the University of Cali- 
fornia. 

The locality recorded by Stearns is 
in the “hills north of Martin’s, near 
Tassajara”. Several landowners named 
Martin are shown in the vicinity by the 
“Official map of Alameda County, Cali- 
fornia, compiled from official surveys 
and records and private surveys and 
published by authority of the Board of 
Supervisors of Alameda County by C. F. 
Allardt, C. E. 1874. Scale forty chains 
(2640 ft or half mile) to the inch”. 
The settlement. of Tassajara is not 
shown on the companion map of Contra 
Costa County, but presumably was along 
the lower course of Tassajara Creek. 
Probably Stearn’s locality isin the south- 
western part of the U. S. Geological 
Survey Tassajara quadrangle (1953) 
1: 24000. 

A Blancan age is plausible but not cer- 
tain for part ofthe Tassajero Formation. 
Near Walnut Creek (San Francisco D-1) 
Savage (1948) reported a Blancan horse 


from what might be the same unit. This 
occurrence is consistent with the middle 
Pliocene to early Pleistocene age that 
Clark (1933) assigned to the Tassajero 
Formation. 


13. Livermore Gravels, California 
(NJ 10-9 [San Jose] C-7, C-8) 


Mollusks have been reported explicitly 
from the Livermore Gravels only by 
Branner (1912b: 216), but those from an 
indefinite locality in the vicinity (Cooper, 
1888, 1894a: 170; Call, 1888, 1889; 
Lawson, 1914: 13) may be from this unit. 

Cooper (1894a: 170) listed 12 species 
from “along a small branch of Walnut 
Creek, in Alameda County, north of 
Livermore”, giving more data for spe- 
cies recorded earlier simply from “Wal- 
nut Creek” (Cooper, 1888) and “Tas- 
sajara Hills” (Call, 1888). This locality 
description is inconsistent, for tribu- 
taries of Walnut Creek do not head as 
far south as Alameda County, and a 
locality in Alameda County north of 
Livermore would be about 7 miles south- 
east of the nearest part of Walnut Creek 
drainage where the fossils might occur. 
If the data “a small branch of Walnut 
Creek” are accurate, the locality is in 
Contra Costa County and might be in 
San Ramon Valley. Lawson (1914) listed 
the species recorded by Cooper as 
“collected north of Livermore, from beds 
that are probably the extension of the 
Orinda formation across the Mt. Diablo 
quadrangle into the Pleasanton quad- 
rangle”. This location is outside the 
drainage of Walnut Creek. 

The high spire of Vorticifex white 
(Call) is interpreted to indicate a geo- 
logic age of Blancan or younger. The 
known fossil record of Vorticifex andits 
close relative Perrinilla is consistent 
with the hypothesis that the development 
of a high-spired hyperstrophic shell isa 
progressive character that evolved 
during and since the Pliocene. The ear- 
liest member of this lineage, Perrinilla 
cordillerana Hannibal (1912b), is plani- 
Spiral, and only in younger, post-Hem- 
phillian forms does the conical high- 
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spired form appear. Vorticifex whitei 
is more like V. durhami (Glen) from the 
Santa Clara Formation (Fig. 1, locality 
11) than any other fossil species of the 
region. For this reason I think the 
type lot of Vorticifex whitei (Call, 1888) 
came from a Blancan or younger unit 
that is younger thanthe Orinda or Tassa- 
jero Formations; hence the Livermore 
Gravels. 

The Livermore Gravelshave been des- 
cribed and mapped by Branner (1912a, 
b), Lawson (1912), Huey (1948) andC.A. 
Hall (1958). If Cooper’s (1894a: 170) 
locality description “north of Liver- 
more” is correct, and if the fossils 
are from the Livermore Gravels, then 
probably they came from within about a 
mile of the town of Livermore, in the 
hills along Arroyo Las Positas that are 
formed by erosional remnants of Liver- 
more Gravels. This is the same area 
in which the only fossil mammals from 
the gravels have been found; they indi- 
cate post-Blancan age (Savage, 1951). 

No fossil mollusks from the Livermore 
Gravels are known to be preserved in a 
museum. The localities are probably 
within the U. S. GeologicalSurvey Liver- 
more quadrangle (1961) 1: 24000 and 
Altamont quadrangle (1953) 1: 24000. 


14. Purisima Group, California 
(NJ 10-12 [Santa Cruz] D-7) 


The one locality is in the Lomerias 
Muertas, about 4 miles north of San 
Juan Bautista. Krauskopf et al. (1939) 
reported 3 species of freshwater mol- 
lusks; 8 are listed herein. No other 
associated nonmarine organisms have 
been recorded. The fossiliferous unitis 
mapped as Purisima Group by Allen 
(1946, pl. 1 and 8); and as middle and/or 
lower Pliocene marine (but close to un- 
divided Pliocene nonmarine) on the Geo- 
logie Map of California (Olaf P. Jenkins 
edition), Santa Cruz sheet (1959) 
1: 250000. The late Pliocene age as- 
signed by Krauskopf et al. (1939) is 
supported here. Fossils are in the 
collection of Stanford University. Most 
recent topographic map: U. S. Geolo- 


gical Survey Chittenden quadrangle 
(1955) 1: 24000. 


Fossil Mollusks from Gilroy Slide 


San Benito County, California. San 
Juan Bautista quadrangle (1939) 1: 62500. 
22 mm south of lat. 36° 55’ north, 
52 mm west of long. 1210 30’ west on 
map. Lomerias Muertas, where the 
600-ft contour crosses the creek entering 
the Pajaro River just south of Sargent, 
approximately 0.5 mile north of BM 
1137, in west wall of Gilroy slide. 
K. B. Krauskopf, 1939. 
Sphaeriidae 
Sphaerium striatinum (Lamarck) 
Pisidium 

Unionacea indeterminate, fragments 
presumably referable to Anodonta or 
Gonidea 

Valvatidae 
Valvata humeralis Say 

Hydrobiidae 
Savaginius cf S.pilula (Pilsbry) 
Savaginius puteanus (Pilsbry) 

Lymnaeidae 
Bakerilymnaea cf B. 
(Pilsbry and Ferriss) 
1 or 2 other indeterminate species 

The 2 species of locally restricted 
distribution, the 2 Savaginius, have their 
affinities with late Pliocene localities to 
the south, in the southern San Joaquin 
Valley. 


cockerelli 


15. San Benito Gravels, California 
(NJ 10-12 [Santa Cruz] C-5) 


Two species of mollusks were reported 
from the San Benito Gravels by Kerr 
and Schenck (1925) and Wilson (1943). 
The fossiliferous unit was described and 
mapped as the San Benito Gravels by 
Wilson (1943), and is shown on the Geo- 
logic Map of California, Olaf P. Jenkins 
edition, Santa Cruz sheet (1959) 
1: 250000 as Plio-Pleistocene non- 
marine. The only published record of 
non-molluscan fossils from the forma- 
tion is that of Equus near occidentalis 
Leidy (Wilson, 1943: 248) of probable 
Blancan age. The significance of the 
formation is that it places an upper age 
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limit on the last marine waters in the 
strait that connected the southern San 
Joaquin Valley with the Pacific Ocean 
through the Coast Ranges (N. T. Hall, 
1965: 153). Fossil mollusks collected 
by Wilson were at one time in the 
UCMP collection, but could not be found 
there in February, 1965. Most recent 
topographic map: U. S. Army Map 
Service San Benito quadrangle (1947) 
1: 62500. 


Fossils from San Benito Gravels 


The following collections are allthose 
in the University ofCalifornia Museum of 
Paleontology that have precise locality 
data. Identifications of vertebrates are 
by D. E. Savage. 

UCMP B-2147. San Benito Co., Calif. 
San Benito quadrangle (1917) 1: 62500. 
SW 1/4 NW 1/4 sec. 14,T 1585, R7E. 
I. F. Wilson, 1938. Fossil mollusks re- 
corded by Wilson (1943). 

UCMP V2407. San Benito Co., Calif. 
San Benito quadrangle (1917) 1: 62500. 
NW 1/4 NW 1/4 sec. 10, T 15S, R7E, 
2 1/2 miles due east of Live Oak School, 
and 1/4 mile SSE of hill 2243. 

Equus s.1.; Blancan or younger. 

UCMP V2408. San Benito Co., Calif. 
San Benito quadrangle (1917) 1: 62500. 
SE 1/4 SW 1/4 sec. 35, T14S,RTE, 
on Tres Pinos Creek road about 3 1/2 
miles SE of Cottonwood School, about 
175 yards north of 40-minute parallel, in 
red gravel, about 3/4 mile northwest of 
Emmett Station. 

Equus 5.1.; Blancan or younger. 

UCMP V2409. San Benito Co., Calif. 
San Benito quadrangle (1917) 1: 62500. 
W 1/2 SW 1/4 sec. 1, T 155, R7E, on 
Tres Pinos Creek road about 4 1/2 miles 
SE of Cottonwood School, between 
Emmett Station and Emmett School, in 
red, bedded gravel. 

Equus s. 1.; Blancan or younger. 

The available fossils can be dated 
only as Blancan or post-Blancan, so 
it seems the formation might be 
entirely Pleistocene and perhaps all 
post-Blancan. 


16. Northeast of Kettleman Hills, 
California 
(NJ 10-12 [Santa Cruz] B-1, 
NJ 11-10 [| Fresno] A-7, A-8) 


Davis and Poland (1957: 425-426) men- 
tioned freshwater mollusks from the 
Tulare Formation.beneath the Corcoran 
Clay Member in wells. No specific 
localities were given. 


Boston Land Company well “C” 


Pilsbry (1935: 550, 559, 566) recorded 
3 species of freshwater snails from Bos- 
ton Land Company well “C”, sec. 27, 
T 195, В 18 Е Fresno County, depth 
772-792 feet. Stratigraphic data sum- 
marized by Davis et al. (1959) indicate 
the fossils are from within or immedi- 
ately above the widespread Corcoran 
Clay Member of the Tulare Formation. 
The age of these mollusks is deter- 
mined as post-Blancan, middle to late 
Pleistocene, from their relationship to 
the Corcoran Clay. Rhyolitic ash cor- 
relative with the clay yielded a potas- 
sium-argon radiogenic date of 600,000+ 
20,000 years (Janda, 1965; Wahrhaftig 
& Birman, 1965: 316). Fossil mam- 
mals diagnostic of post-Blancan age 
have been found at 3 localities in the 
Tulare Formation stratigraphically be- 
neath the Corcoran (Reiche, 1950; Frink 
& Kues, 1954) and at 1 locality within 
the Corcoran (D. W. Carpenter, 1965; 
Janda, 1965; Wahrhaftig & Birman, 1965). 

Fossil mollusks are in ANSP col- 
lections. Most recent topographic map: 
U. 5. Geological Survey Calflax quad- 
rangle (1956) 1: 24000. 


Lambertson’s well 


Watts (1894: 20) mentioned a well 
drilled in 1889 at the Lambertson ranch 
near Tulare Lake. From the lower 200+ 
feet of a total depth of 1058 feet came 2 
Species offreshwater mollusks, cited un- 
der various names by Watts (1894: 20), 
Cooper (1894a: 171, 1894b: 55), Han- 
nibal (1912b: 190) and Pilsbry (1935: 
554, pl. 22, fig. 6-7). If this is the 
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same well mentioned by Arnold and 
Anderson (1910: 152)the freshwater mol- 
lusks are from sec. 12, T22S, R22E, 
Kings County, not far above a horizon 
that yielded brackish-water or marine 
mollusks. In any case the freshwater 
mollusks are probably from below the 
Corcoran Clay Member, a widely ro- 
cognized subsurface unit in the region 
(Davis et al., 1959; Davis and Green, 
1962; Frink and Kues, 1954). The 
brackish-water or marine mollusks may 
represent a temporary reestablishment 
of connections between the ocean to the 
west and the San Joaquin Valley. Traces 
of such an environment have been noted 
in the Kettleman Hills, above the fresh- 
water horizons in the lower part of the 
Tulare Formation (Arnold, 1910: 48; 
Arnold and Anderson, 1910: 151; Wood- 
ring et al., 1941: 102). The fresh- 
water fossils from Lambertson’s well 
are the only ones identified from the 
Tulare Formation below the Corcoran 
Clay and above the brackish-water hori- 
zon. Perhaps it is significant that one 
of the species, Savaginius yatesianus 
(Cooper), is unknown from the Tulare 
Formation in the Kettleman Hills but is 
common in the Tehama and Santa Clara 
Formations (Fig. 1, localities 8, 11). 

Fossils are in the ANSP collection. 
Most recent topographic map:  U. S. 
Geological Survey Corcoran quadrangle 
(1954) 1: 24000. 


U. S. Bureau of Reclamation drillhole 
844 


Kings County, California. Westhaven 
quadrangle (1956) 1: 24000. SW 1/4sec. 
31, T 205, R 19 E. U.S. В. В. drillhole 
844, depth 601-602 feet. Tulare Forma- 
tion, 42 feet above top of Corcoran Clay 
Member. Magleby and Johnson of U. S. 
Bureau of Reclamation, 1963. 

Sphaeriidae 

Sphaerium kettlemanense Arnold 

Valvatidae 

Valvata utahensis Call 
Hydrobiidae 

Lithoglyphus seminalis (Hinds) 

Tryonia? 


This assemblage is different from 
those known previously from stratigra- 
phically lower parts of the Tulare For- 
mation. Sphaerium kettlemanense is 
known from the basal part of the forma- 
tion, but none of the others has been 
found in the Tulare previously. Litho- 
glyphus seminalis lives in the Sacra- 
mento River, but has not been known as 
a fossil. Valvata utahensis is known as 
a Pleistocene fossil from western Ne- 
vada, southeastern California and the 
northern borders of the Great Basin 
(Fig. 6), but it has not been found pre- 
viously west of the Sierra-Cascade 
range. 

If one assumes that the present 
range of Lithoglyphus seminalis in the 
Sacramento Valley is its ancestral range 
also, then this fossil occurrence in the 
San Joaquin Valley represents a for- 
mer southward extension of range. This 
extension might be due to the confluence 
of the Sacramento and San Joaquin Rivers 
after the elevation of the Coast Ranges 
blocked westward drainage and diverted 
the waters of the San Joaquin Valley 
northward. 

The age of the mollusks is determined 
as post-Blancan, and middle or late 
Pleistocene, by their relationtothe Cor- 
coran Clay. 


Blakeley well 


U. S. Geological Survey Cenozoic lo- 
cality 23613. Kings County, California. 
Stratford quadrangle (1940) 1: 24000. 
NW 1/4 sec. 13, T 21S, В 19 E. Blake- 
ley well, in sand at depth 1413 ft. 

Only one species is represented by the 
14 specimens: Savaginius williamsi 
(Hannibal, 1912b). It has not been found 
above the San Joaquin Formation pre- 
viously, and the depth in the well is 
consistent with this stratigraphic posi- 
tion. 


17. Tulare Formation, 
Kreyenhagen Hills, California 
(NI 10-3 [San Luis Obispo] D-1) 


Arnold (1910: 47, 93) and Arnold and 
Anderson (1910: 153) recordedthe fresh- 
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water clam Gonidea from the base ofthe 
Tulare Formation. Distribution of the 
Tulare Formation was mapped by Stewart 
(1947, pl. 9) and is shown by the Geologic 
Map of California, Olaf P. Jenkins edi- 
tion, San Luis Obispo sheet (1959). No 
other nonmarine organisms have been 
recorded from the formation in the im- 
mediate area. The late Pliocene age 
assigned to the basal part of the Tulare 
Formation in the Kettleman Hills 3 miles 
northeast applies here. Fossils are in 
USGS collections. Most recent topo- 
graphic map: U. S. Geological Survey 
Kettleman Plain quadrangle (1953) 
1: 24000. 


18. Kettleman Hills, California 
(NI 11-1 [Bakersfield] D-8, 
NJ 11-10 [Fresno] A-8, 

NI 10-3 [San Luis Obispo] D-1, 
NJ 10-12 [Santa Cruz] A-1) 


Blancan freshwater mollusks in the 
Kettleman Hills occur inthe Tulare For- 
mation and upper part of the San Joa- 
quin Formation. Woodring et al. (1941) 
have mapped these units and discussed 
their stratigraphy and correlation. The 
distribution of the formations is shown 
on sheets of the Geologic Map of Cali- 
fornia, Olaf P. Jenkins edition: San Luis 
Obispo (1959) and Santa Cruz (1959). 
The nonmarine mollusks lived instreams 
around the edges of an inland sea that 
was connected to the Pacific Ocean by 
a strait through the present Coast 
Ranges. This sea gradually became 
shallower and finally маза large fresh- 
water lake in which lived the fauna found 
in the basal part of the Tulare Forma- 
tion. Hoots et al. (1954) summarized 
the structural history of the basin and 


published paleogeographic maps. Most 
recent topographic maps: U. S. Geo- 
logical Survey quadrangles, 1: 24000: 


Avenal (1954), Avenal Gap (1954), Kettle- 
man City (1954), Kettleman Plain (1953), 
La Cima (1954), Los Viejos (1954). 


Tulare Formation, Kettleman Hills 


Nonmarine mollusks from the Tulare 
Formation in the Kettleman Hills are 


listed in Table 1 (p 11). Descriptions, 
illustrations or lists of species have 
been published by Cooper (1894a), Watts 
(1894), Anderson (1905), Arnold (1910), 
Arnold and Anderson (1910), Hannibal 
(1910, 1912b), Barbat and Galloway 
(1934), Pilsbry (1934b, 1935), Woodring 
et al. (1941), Hanna and Hertlein (1943) 
and Schenck and Keen (1950). All 31 
species are aquatic; the subgenus Mene- 
tus (Planorbifex) and the genus Cali- 
pyrgula are endemic. Other nonmarine 
organisms in the formation include dia- 
toms (Lohman, 1938; Woodring et al., 
1941). A horse tooth, Plesippus (?), 
may be from the Tulare Formation or a 
lower horizon (Woodring et al., 1941: 23, 
104). The mollusks come from only the 
basal part ofthe Tulare Formation. They 
are generally considered late Pliocene 
on the basis of the high percentage of 
extinct forms (Woodring et al., 1941). 
Most of the molluscan fossils are in 
ANSP, CAS, SU, UCMP and USGS col- 
lections. 


San Joaquin Formation, Kettleman Hills 


According to the faunal criteria pro- 
posed here, Scalez is restricted to pre- 
Blancan rocks. The single outcrop oc- 
currence of Scalez in the Kettleman 
Hills is below the Pecten zone, in the 
lower part of the San Joaquin Formation 
as subdivided by Woodring et al. (1941: 
28). Drawing the Hemphillian-Blancan 
boundary (middle Pliocene-late Pliocene 
division as currently accepted in Ame- 
rica) at the base of the Pecten zone is 
consistent with the evidence of faunal 
change in both echinoids and mammals. 
According to this correlation the echi- 
noid Dendraster (Merriamaster) and 
horse Plesippus are known locally only 
above the boundary. The relationships 
between the faunal successions of larger 
marine invertebrates and terrestrial 
mammals in the Kettleman Hills and 
neighboring areas have been discussed 
by Durham et al. (1954). 

Freshwater mollusks from the upper 
part of the San Joaquin Formation, of 
Blancan age as here correlated, have 
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been recorded by Arnold (1910: 47, 48, 
96, 100), Arnold and Anderson (1910: 
153), Barbat and Galloway (1934) and 
Woodring et al. (1941: 30, 38 and table 
facing p 38). Only 4 species are known: 
Anodonta sp., Juga kettlemanensis (Ar- 
nold), Lithoglyphus  kettlemanensis 
(Pilsbry) and Menetus vanvlecki (Ar- 
nold). Juga kettlemanensis and Litho- 
glyphus kettlemenensis occur also inthe 
lower part of the San Joaquin Formation 
of Hemphillian age, but are unknown in 
the overlying Tulare Formation. 

Other nonmarine fossils from the 
upper part of the San Joaquin Formation 
are all from the Pecten zone. They in- 
elude one bird (a cormorant), and several 
mammals: a beaver, Castor californicus 
Kellogg; mastodont; peccary; horse, Ple- 
sippus; camel; and deer (Kellogg, 1911; 
Nomland, 1917: 217; Stirton, 1935: 445- 
446; Woodring et al., 1941: 97 and 
table facing p 38). The mastodont might 
be Pliomastodon vexillarius Matthew, 
described from slightly belowthe base of 
the Pecten zone (Matthew, 1930). A 
similar assemblage is known from the 
same stratigraphic interval north of the 
Kettleman Hills (Merriam, 1915, 1916, 
1917; Nomland, 1916, 1917). 

Fossil mollusks are in USGS col- 
lections. 


19. Paso Robles Formation, California 
(NI 10-3 [San Luis Obispo]C-1, 
NI 10-6 [Santa Maria] C-2, D-3) 


Arnold (1907), Arnold and Anderson 
(1907) and Woodring and Bramlette 
(1950) recorded mollusks from 2 out- 
crop areas of the Paso Robles Forma- 
tion. One locality is in the Casmalia 
Hills about 6 miles southeast of Guada- 
lupe, the other in the Purisima Hills 
about 3 miles west of Los Alamos. 
Woodring and Bramlette (1950) andMuir 
(1964) mapped and described the forma- 
tion in these areas, and it is shown as 
nonmarine Plio-Pleistocene on the Geo- 
logic Map of California, Olaf P. Jenkins 
edition, Santa Maria sheet (1959). The 
fauna includes 6 species, probably all 
living in southern California. At one 


locality Woodring and Bramlette (1950) 
found an unidentified rodent and ostra- 
codes; no other nonmarine organismsare 
known in the area from the Paso Robles 
Formation. The late Pliocene(?) and 
Pleistocene age assignment by Woodring 
and Bramlette (1950: 108) is accepted 
here. Fossils are in USGS collections. 
Most recent topographic maps: U. $. 
Geological Survey quadrangles 1: 24000, 
Guadalupe (1959) and Los Alamos (1959). 

F. M. Anderson and Martin (1914: 48) 
recorded mollusks from a third locality 
in the Paso Robles Formation. The data 
published by those authors are not pre- 
cise, but indicate the fossils came from 
an area on the southwest side of the 
Temblor Range, in canyons east of San 
Juan Ranch, in either the Grant Lake 
quadrangle (1: 24000) or La Panza quad- 
rangle (1: 62500). So far as one can tell 
from the published identifications the 
species might all be living locally. The 
formation is shown as “Plio-Pleistocene 
nonmarine” on the Geologic MapofCali- 
fornia, Olaf P. Jenkins edition, San Luis 
Obispo sheet (1959). 


Lymnaea alamosensis Arnold (1907) 


Arnold (1907: 430) and Arnold and An- 
derson (1907: 59) recorded Lymnaea ala- 
mosensis from USGS locality 4483, 1 
mile southeast of bench-mark 425, Los 
Alamos Valley, Santa Barbara County, 
California. The locality record book 
of the Geological Survey includesthe ad- 
ditional information that the locality is 
on the top of a 1200 foot hill. Compari- 
son of the geologic map by Arnold and 
Anderson (1907) with U. S. Geological 
Survey Lompoc quadrangle (1959) 
1: 62500 enables one to identify the lo- 
cality closely. It is on the top ofa 
small hill with 1200 foot closure, pro- 
gressive grid coordinates about 459,500 
ft north, 1,299,200 ft east. The lo- 
cality is in Paso Robles Formation as 
mapped by Woodring and Bramlette 
(1950, pl. 1, sheet 4) and Muir (1964, 
ре) 

Arnold’s type specimens and the т- 
dividual figured by Woodring and Bram- 
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lette (1950) are all immature. They 
offer no differential features to separate 
them from living representatives of the 
Lymnaea “palustris” group, and pro- 
bably should be referred toa living Cali- 
fornian species. Even the living spe- 
cies cannot be identified in the present 
state of knowledge, hence disposition 
of the fossil must await a revision of 
the recent fauna. 


20. Lost Hills oil field, California 
(NI 11-1 [Bakersfield] C-7) 


Hannibal (1912b: 190) and Pilsbry 
(1934b, 1935) described 5 species of 
Savaginius from subsurface samples of 
the San Joaquin Formation. Gester 
(1917: 221-223) listed 5 species in sub- 
surface collections from the Tulare 
Formation. Follansbee (1943) sum- 
marized the structure and stratigraphy 
of the field. Pilsbry’s material is in 
ANSP collections, Hannibal’s at Stan- 
ford University. Most recent topogra- 
phic map: U. S. Geological Survey 
Lost Hills quadrangle (1953) 1: 24000. 


21. Buttonwillow gas field, California 
(NI 11-1 [Bakersfield] B-6, C-7) 


Freshwater mollusks have been found 
during well-drilling in the Buttonwillow 
field in both the Tulare Formation and 
the upper part of the San Joaquin For- 
mation. The occurrence mentioned by 
Musser (1930: 12) in the second Mya 
zone is in the upper part of the San 
Joaquin Formation as correlated by 
Woodring et al. (1941: 107). Fossils 
reported from the Tulare Formation 
are all from the lower part, in about the 
same stratigraphic position as those in 
the Kettleman Hills. Musser (1930) and 
Chambers (1943) mentioned Anodonta and 
Amnicola; Pilsbry (1934b, 1935: 555, 
559) described Pyrgulopsis? poly- 
петайса and Savaginius puteanus. Stra- 
tigraphic data are accessible through 
Chambers (1943) and references therein. 
An unusual fossil occurrence is a vole 
from a core in the Buttonwillow field 
(Barbat and Galloway, 1934; Hesse, 
1934). It is from the upper part of the 


San Joaquin Formation. Molluscan fos- 
sils are in ANSP collections. Most re- 
cent topographic maps: U. S. Geolo- 
gical Survey quadrangles, 1: 24000, But- 
tonwillow (1954) and Semitropic (1954). 


22. McKittrick area, California 
(NI 11-1 [Bakersfield] B-7) 


Freshwater mollusks from the McKit- 
trick area have been reported from the 
Tulare Formation in the Belridge oil 
field (Subsurface) and in the foothills of 
the Tembior Range (outcrop), and from 
the San Joaquin Formation in the McKit- 
trick oil field (subsurface). 


Belridge oil field 


Gester (1917: 215) recorded mollusks 
thought to be derived from the Tulare 
Formation in the Belridge oil field. 
Literature on the stratigraphy and de- 
velopment of the fieldis available through 
Wharton (1943). Most recent topographic 
map: U. S. Geological Survey Belridge 
quadrangle (1953) 1: 24000. 


Cymric area of McKittrick oil field 


Pilsbry (1935: 550) recorded Sava- 
ginius spiralis from Cymric wells 4 and 
5. The depths indicate the shells came 
from the uppermost part of the San Joa- 
quin Formation according to the strati- 
graphic section by Atwill (1943). Fos- 
sils are in ANSP collections. Most re- 
cent topographic map: U. S. Geologi- 
cal Survey Reward quadrangle (1950) 
1: 24000. 


Foothills of Temblor Range 


Freshwater mollusks from outcrops of 
the Tulare Formation in the foothills of 
the Temblor Range have been recorded 
by Cooper (1894a), Watts (1894), Ander- 
son (1905: 182), Arnold and Johnson 
(1910: 78), Hannibal (1912b: 191), Gester 
(1917: 213, 215) and Pilsbry (1935: 550). 
The localities are within 3 miles north- 
west and southeast of McKittrick. The 
Tulare Formation was mapped and des- 
cribed in this area by Gester (1917). 
About 6 species have been listed, most or 
all of which occur also in the basal part 
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of the Tulare Formation in the Kettle- 
man Hills. 

Blancan mammals have been described 
from the dumps of asphalt mines in 
this area (Matthew and Stirton, 1930: 
179-180; Merriam, 1903, 1905, 1917). 
They have usually been assigned to the 
Tulare Formation, but Barbat and Gal- 
loway (1934: 496) regarded at least one 
of the species as coming from the upper 
part of the San Joaquin Formation. The 
most nearly precise stratigraphic loca- 
tion of mammals is by Watts (1894: 
49), who described some as coming from 
below the freshwater mollusks, but these 
Specimens have not been described. 
Gester (1917) described the local out- 
crops of Tulare Formation as uncon- 
formable upon marine strata that were 
correlated with the Cascajo Conglo- 
merate Member at the base of the San 
Joaquin Formation in the Kettleman Hills 
(Fig. 1, locality 18) by Woodring et al. 
(1941: 106). Hence Blancan mammals 
from the McKittrick area come from 
the Tulare Formation as previously des- 
cribed. Most recent topographic maps: 
U. S. Geological Survey quadrangles, 
1: 24000, Reward (1951) and West Elk 
Hills (1954). 


23. Elk Hills and Midway-Sunset 
oil fields, California 
(NI 11-1 [Bakersfield] A-6, B-6, 7) 


Elk Hills oil field 


Woodring et al. (1932: 26) recorded 
freshwater mollusks from the Tulare 
Formation in the Elk Hills. The sub- 
surface and surface stratigraphy have 
been mapped and described by Woodring 
et al. (1932), Porter (1943) and refe- 
rences therein. At least 3 genera of 
mollusks are known. Several genera of 
mammals, including Plesippus, have 
been found in outcrops of the Tulare 
Formation in the Elk Hills (Woodring 
et al., 1932: 25-26) stratigraphically 
above the mollusks. Blancan age is in- 
dicated both by correlation with the 
Kettleman Hills and McKittrick areas 
(Fig. 1, localities 18, 22) and by the 


mammals in the Elk Hills. Fossil mol- 
lusks are in CAS collections. Most re- 
cent topographic maps: U. S. Geolo- 
gical Survey quadrangles, 1: 24000, East 
Elk Hills (1954) and West Elk Hills (1954). 


Buena Vista Hills 


Gester (1917: 226) mentioned fresh- 
water mollusks from surface outcrop of 
the Tulare Formation in the Buena Vista 
Hills. Literature on the stratigraphy 
and development of the oil field is avail- 
able through McMasters (1943). Most 
recent topographic maps: U.S. Geolo- 
gical Survey quadrangles, 1: 24000, 
Mouth of Kern (1950) and Taft (1950). 


Midway-Sunset oil field 


Gester (1917: 226) recorded fresh- 
water mollusks from the Tulare Forma- 
tion outcropping in the Midway-Sunset 
oil field. Literature on the strati- 
graphy and development of the field is 
available through California Division of 
Mines Bulletin 118 (p 521), 1943. Most 
recent topographic map: U.S. Geologi- 
cal Survey Pentland quadrangle (1953) 
1: 24000. 


24. San Pedro Sand, California 
(NI 11-7 [Long Beach] C-2) 


Arnold (1903: 22, 44, 195-196, 305- 
306), Burch (1947), Oldroyd (1924) and 
Woodring et al. (1946: 66-67) recorded 
freshwater mollusks from the San Pedro 
Sand in San Pedro. Woodring et al. 
(1946) described and mapped the San 
Pedro Sand; Arnold’s and Oldroyd’s lo- 
calities had been destroyed by the time 
their report was published. Seven spe- 
cies, perhaps all still living, are known. 
The only other nonmarine fossils re- 
corded from this marine deposit are 
turtle and mammal remains mentioned 
by Brattstrom and Sturn (1959), and by 
Woodring et al. (1946: 86); and horse 
teeth identified as Equus cf E. occiden- 
talis (Woodring, 1952: 405). The early 
Pleistocene age generally assigned to the 
San Pedro Sand (Woodring et al., 1946; 
Woodring, 1952; Geologic Map of Cali- 
fornia, Olaf P. Jenkins edition, Long 
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Beach sheet, 1962) is in terms of the 
sequence of marine invertebrate faunas 
on the west coast. The known fossil 
mammals do not permit correlation with 
the chronology based on mammalian fau- 
nas (Durham et al., 1954: 69). K-Ar 
dates on glauconite from the underlying 
Lomita Marl yielded a mean of 3.04 mil- 
lion years (Obradovich, 1965). Fossil 
freshwater mollusks are in USGS and 
USNM collections. Most recent topo- 
graphic map: U. S. Geological Survey 
San Pedro quadrangle (1951) 1: 24000. 
Arnold (1903, pl. 23) published a map 
showing the area as it was before water- 
front improvements destroyed the fossil 
locality. 


Freshwater mollusks from San Pedro 
Sand 


Previous identifications of freshwater 
mollusks from the San Pedro Sand have 
been revised in the following list. Some 
of the changes are nomenclatural but 
others are based on reinterpretation of 
fossils. Arnold (1903: 195) listed a land 
snail as Helix (Epiphragmophora) sp. 
indet. from the “lower San Pedro series” 
(San Pedro Sand), but on pages 28 and 41 
assigned it to the upper San Pedro Series 
(Palos Verdes Sand). Presumably it is 
one of the local living genera of Helmin- 
thoglyptidae, Helminthoglypta or Micra- 
rionta. 


HYDROBIIDAE 
“Hydrobia” imitator (Pilsbry) 


1903 Paludestrina curta, sp. nov.: 
Arnold, Mem. Calif. Acad. Sci., 3: 22, 
23, 44, 305, pl. 8, fig. 2. 

1912 P. [aludestrina] curta, Arnold: 
Hannibal, Bull. So. Calif. Acad. Sci. , 11: 
34 (as synonym of P. longinqua). 

1912 P. [aludestrina] curta, Arnold: 
Hannibal, Proc. malac. Soc. London, 10: 
186 (as synonym of P. longinqua). 

1924 Paludestrina curta Arnold: Old- 
royd, Proc. U.S. natl. Mus., 65(22): 
17: 

1946 Paludestrina curta: Woodring 
etal., U.S. geol. Survey Prof. Pap., 
207: 66 (as synonym of Hydrobia protea). 


1947 Paludestrina curta Arnold: Burch, 
Min. Conch. Club So. Calif. , 73: 18. 


In the present state of knowledge 
Paludestrina curta is most reasonably 
considered a synonym of the brackish- 
water species “Hydrobia” imitator, des- 
cribed from the San Francisco Bay area 
(Pilsbry, 1899). Ifmorethan 1 species 
should be found to possess similar shells, 
then possibly P. curta should be main- 
tained separate nomenclaturally even 
though it would be unidentifiable. The 
diagnostic features of the species are 
the truncate apex, deep sutures, fine 
Spiral sculpture and absence of axial 
ribs or spiral cords. These characters 
separate it from living species of Fonte- 
licella in southern California (to which 
Hannibal referred it) and from Tryonia 
protea (to which Woodring et al. re- 
ferred it). 


Tryonia stokesi (Arnold) 


1903 Paludestrina stokesi, sp. nov.: 
Arnold, Mem. Calif. Acad. Sci. , 3: 22, 
23, 44, 305, pl. 8, fig. 3. 

1911 Alabina io, new species: Bartsch, 
Proc. U. S. natl. Mus. , 39: 415, pl. 61, 
fig. 1. 

1912 P. [aludestrina] stokesi Arnold: 
Hannibal, Bull. So. Calif. Acad. Sci., 
11: 33 (synonym of Paludestrina protea). 
1912 P.[aludestrina] stokesi, Arnold: 
Hannibal, Proc. malac. Soc. London, 10: 
186 (synonym of Paludestrina protea). 
1924 Paludestrina cf. stokesi Arnold: 
Oldroyd, Proc. U. S. natl. Mus. , 65(22): 
17. 

1945 Alabina io Bartsch: Burch, Min., 
Conch. Club So. Calif., 54: 27. 

1946 Paludestrina stokesi: Woodring 
etal., U. S. geol. Survey Prof. Pap., 
207: 66 (synonym of Hydrobia protea). 
1946 Alabina io: Woodring et al., U. S. 
geol. Survey Prof. Pap. ,207: 67 (syno- 
nym of Hydrobia protea). 

1947 [Paludestrina] stokesi Arnold: 
Burch, Min. Conch. Club So. Calif. , 73: 
18. 


Living snails that have been referred 
to Tryonia protea (Gould) inthe Colorado 
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Desert area, the type locality, may re- 
present one or several species. The 
correlation of shell characters with 
biological groups can be determined only 
after study of numerous living series, 
and even the best-preservedfossils can- 
not be identified surely in the present 
state of knowledge. Hence the relation- 
ships of the few worn specimens found 
in the San Pedro Sand are doubtful. I 
see no reason to recognize more than 
one fossil species in coastal southern 
California. The concept of Tryonia pro- 
tea is vague, and since the name stokesi 
is available it is employed. If a sy- 
nonym of T. protea in the broad sense, 
the species is living in southeastern 
California. In any case it is unknown 
along the coast of either Upper or 
Lower California. 

Alabina io Bartsch (1911) was des- 
cribed as if from the Pleistocene of San 
Diego, but according to Woodringetal. 
(1946: 67) is fromSan Pedro. The strati- 
graphic horizon of Bartsch’s type is un- 
certain, but T. stokesi is known from 
both the San Pedro Sand and Palos Ver- 
des Sand. 


PLANORBIDAE 
Gyraulus parvus (Say) 


1924 ? Planorbis deflectus Say: Old- 
royd, Proc. U.S. пай. Mus. , 65(22): 
23. 


This small freshwater snailis common 
in coastal and montane southern Cali- 
fornia (Hannibal, 1912a). Probably Old- 
royd’s record of the remote Gyraulus 
deflectus refers to this species. I have 
seen specimens from the Palos Verdes 
Sand, but none from the San Pedro Sand. 


Planorbella tenuis californienis 
(Baker) 


1903 “Planorbis tumidus Pfeiffer”: 
Arnold, Mem. Calif. Acad. Sci. , 3: 22, 
23, 44, 195, pl. 9, fig. 13. 

1903 “Planorbis vermicularis Gould”: 
Arnold, Mem. Calif. Acad. Sci. , 3: 22, 
23, 44, 195, pl. 9, fig. 14. 

1924 “Planorbis trivolvis Say”: Old- 


royd, Proc. U.S. natl. Mus. , 65(22): 
23 


The classification of this genus is full 
of uncertainties, so that no satisfactory 
nomenclature is available in the present 
state of knowledge. The fossils repre- 
sent the common living Planorbella of 
coastal southern California, many lo- 
calities for which were cited by Hanni- 
bal (1912a). The species is probably 
a member of the tenuis group of species, 
and may include P.ammon Gould (1855a). 
Defining species more narrowly than 
Hannibal (1912a), I consider that the P. 
trivolvis group of species is not native 
to western North America. 

Planorbis vermicularis Gouldis prob- 
ably a synonym of Gyraulus parvus 
(Say), but the description, measure- 
ments and illustration published by 
Arnold (1903) are clearly Planorbella. 


PHYSIDAE 
Physa virgaia Gould 


1903 “Physa heterostropha Say”: Arnold, 
Mem. Calif. Acad. Sci., 3: 22, 23, 44, 
196. 


Only one species of Physa surely lives 
in coastal southern California, for which 
P. virgata Gould (1855a) is the earliest 
clearly applicable name. “Physais with- 
out exception the most widely and abun- 
dantly distributed fresh-water mollusk 
in southern California. No stream, pond, 
or swamp outside the highest mountains 
is without it. It is capable of thriving 
in moist situations flooded but three or 
four months a year” (Hannibal, 1912a: 
29). 


ENDODONTIDA E 
Discus cronkhitei (Newcomb) 


1924 Pyramidula cronkhitei Newcomb: 
Oldroyd, Proc. U. S. natl. Mus., 65(22): 
22% 


This land snail is widespread inNorth 
America; mainly northern in distri- 
bution, it occurs at higher elevations in 
mountains toward the south. In Cali- 
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fornia the southernmost occurrencesare 
in the San Gabriel and San Bernardino 
Mountains. S. S. Berry (1909: 76) re- 
corded it from the San Bernardino Moun- 
tains, San Bernardino County, and Gregg 
(1949: 6) listed it from Los Angeles 
County. Although the specimen recorded 
by Oldroyd might have been carried 
from the mountains by floodwaters, more 
likely the species lived at lower eleva- 
tions during early Pleistocene time than 
now. 


ZONITIDAE 
Zonitoides arboreus (Say) 


1924 Zonitoides arboreus Say: Oldroyd, 
Proc. Ш. S. па. Mus., 65(22): 22. 


Edson and Hannibal (1911: 60) and 
Gregg (1949) have listedlocalities where 
this common North American land snail 
is found in southern California. It is 
more widespread and found atlower ele- 
vations than Discus cronkhitei. 


25. Bautista Formation, California 
(NI 11-8 [Santa Ana] D-4) 


The one known mollusk locality, first 
recorded here, is in the San Jacinto 
Mountains 3 1/2 miles east of San Ja- 
cinto. The formation was mapped by 
Fraser (1931) as “Bautista beds”. Fos- 
sil mammals (Frick, 1921) from the for- 
mation are of Irvingtonian age (Hibbard 
et al., 1965), but the mollusks are from 
stratigraphically lower and might be late 
Blancan. Associated plants, the Soboba 
flora, are under study by D. I. Axelrod. 
Fossil mollusks are in USGS and UMMZ 
collections. Most recent topographic 
map: U. S. Geological Survey Banning 
quadrangle (1956) 1: 62500. 


Fossil mollusks from Bautista Forma- 
tion 


U. S. Geological Survey Cenozoic lo- 
cality 23610. Riverside County, Cali- 
fornia. 1150 ft east, 1500 ft south, sec. 
Zoned AFS aR ly Bs: ¿About 150 yards 
past road junction that leads up to Cas- 
tile Canyon. North side of road near 
base of high cut through the saddle. 


About 400 ft above base of Bautista 
Formation, associated with Soboba flora. 
D. I. Axelrod, 1964. 
Sphaeriidae 
Sphaerium cf S. 
marck) 
Hydrobiidae 
Fontelicella п. sp. 
Physidae 
Physa cf P. virgata Gould 


striatinum (La- 


26. Brawley Formation, California 
(NI 11-9 [Salton Sea] A-6, A-7, A-8, 
B-7, NI 11-8 [Santa Ana] B-1) 


Mollusks were explicitly reported (but 
not identified) from the Brawley Forma- 
tion by Dibblee (1954). Most of the oc- 
currences of the brackish-water clam 
Rangia lecontei are herein considerea 
to be from this formation, either in 
place or reworked. Primary records 
of Rangia in the area are by Blake 
(1855, 1857), Bowers (1901), Conrad 
(1853), Easter (1857), Gould (1855b, 
1857), Hubbs and Miller (1948), LeConte 
(1851, 1855) and Orcutt (1890, 1915). 
Distribution of the Brawley Formation 
has been mapped by Dibblee (1954), and 
is shown on the Geological Map of Cali- 
fornia (Olaf P. Jenkins edition) San 
Diego-El Centro sheet (1962) 1: 250000. 
A transitional Pliocene-Pleistocene age 
was assigned by Dibblee (1954, pl. 2), 
and a Pleistocene age by the Geologic 
Map of California. Most of the extant 


material is in USGS collections. Most 
recent topographic maps: U. S. Geo- 
logical Survey quadrangles (1956) 


1: 24000: Calipatria SW, Frink, Frink 
NW, Iris, Kane Spring, Kane Spring NE 
and Oasis. 


Rangia lecontei (Conrad) 
Pl. 2 &3 


The first attempt to locate the type 
locality of this species soon led to dis- 
covery that no one had ever assembled 
the pertinent literature, or considered 
the stratigraphic range of the species. 
I have used available maps and my know- 
ledge of the area to recover the origi- 
nal localities as precisely as possible 
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PLATE 2 


Rangia lecontei (Conrad), X 3. Imperial County, California. 800 ft north, 100 ft east, sec. 28, 
T9S, В 12Е; D. W. Taylor, 1949. Figured specimens, UMMZ 220093. Pl. 2, Fig. 3 illus- 


trates the same specimen as Pl. 3, Fig. 2; Pl. 2, Fig. 5 illustrates the same specimen as Pl. 
3, Fig. 1; other specimens are illustrated by only 1 view each. 
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PLATE 3 


Rangia lecontei (Conrad), X 3. Imperial County, California. 800 ft north, 100 ft east, sec. 28, 
T9S, R12E; D. W. Taylor, 1949. Figured specimens, UMMZ 220093. Pl. 2, Fig. 3 illus- 
trates the same specimen as Pl. 3, Fig. 2; Pl. 2, Fig. 5 illustrates the same specimen as Pl. 
3, Fig. 1; other specimens are illustrated by only 1 view each. 
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from published sources. Only additional 
collections and geologic mapping will 
yield the detail necessary for useful 
stratigraphic studies. 

The youngest occurrence of marine 
mollusks in the Colorado Desert is an 
impoverished early Irvingtonian fauna 
that lived at what was then the head of 
the Gulf of California (Downs and Wood- 


ard, 


1962; Woodard, 1962). The oc- 


currence of Rangia may be related to one 
or more episodes of brackish-water 
conditions during freshening of the Gulf 
in this area. 
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The records of Mulinia pallida from 
the Borrego Formation by Durham (1950) 
and Durham and Allison (1960) may well 
be based on Rangia lecontei, for both 
are brackish-water mactrids of similar 
gross appearance. Mulinia is other- 
wise unknown from the area, and Rangia 
might reasonably be expected. Regard- 
less of the identification of these clams, 
their stratigraphic position is doubtful. 
The records from the Borrego Formation 
are based on a Stratigraphic succession 
established before the work by Dibblee 
(1954), who described the Brawley For- 
mation. Possibly the fossils are from 
the Brawley, rather than the Borrego as 
restricted by Dibblee. 


Type of Rangia lecontei 


Dall (1894: 100) identified the type of 
Rangia lecontei as USNM 6833, and cited 
the specimen he figured (1894, pl. 7, fig. 
4) as “one of the typical specimens”. 
Schuchert (1905) went so far as to call 
it the holotype. This figured specimen, 
USNM 6833, does not agree with the ori- 
ginal illustrations published by Conrad 
(1853, pl. 24, fig. 1-2). The original 
catalogue entry of USNM 6833 records 
1 valve of “Gnathodon lecontii” from 


Alabama, received from Stimpson. The 
only lot of R. lecontez that has been in 
USNM collections more than a fewyears 
includes 2 valves: one is the speci- 
men figured by Dall (1894), and is num- 
bered 6833; the other is not numbered, 
surely not from the same locality to 
judge by features of preservation, andis 
probably R. cuneata (Gray). Under these 
circumstances I consider it improbable 
that the specimen figured by Dall, USNM 
6833, is from Conrad’s original lot, and 
identify it as only a figured specimen 
and not a primary type. The morphology 
and preservation of this specimen agree 
with other material from the Colorado 
Desert, California, and hence the origi- 
nal data are erroneous. 


Type locality of Rangia lecontei 


J. L. LeConte collected the original 
lot of Rangia lecontei during a trip to 
the mud volcanoes at the southern end 
of the SaltonSea. His narrative (LeConte, 
1855) permits approximate relocation of 
the localities where he found the spe- 
cies. Dr. LeConte and a party of sol- 
diers started from San Felipe, probably 
San Felipe Ranch in Valle de San Felipe, 
T 125, R 4 E, San Diego County, October 
28, 1850. They followed the valley of 
San Felipe Creek eastward, approxi- 
mately along the course of state high- 
way 78, to Borego Valley. LeConte’s 
description of the scenery here is vivid: 


“Tt is no wonder that Government reports a- 
bound with names of plants, which suggest 
nothing but linguistic difficulties, for there is 
little else in the vast deserts of Western 
America to occupy the attention of the intelli- 
gent traveller; and with the determination of 
one resolved to struggle with the dull sublimity 
of inorganic matter, he frequently breaks off 
and preserves a piece of some hideous vege- 
table, whose only charms are the ugliness of 
its form, the lifelessness of its color, and the 
apparent absence of flower, and foliage, and 
every thing else that renders a plant at- 
tractive. ” 


The party camped on Carrizo (“Ca- 
riso”) Creek near its junction with San 
Felipe Creek, went on toan Indian village 
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near the end of New River, about 8 
miles south of the volcanoes, and thence 
northward. The return journey was from 
the Indian village up Carrizo Creek via 
Vallecitos. LeConte collected the Ran- 
gia on this part of the journey; his nar- 
rative is as follows: 


“About nine or ten miles from the village, 
we passed some mounds covered with cinders 
and pumice, and on the top of one ofthem 
found a crater-like hollow, in which grow 
some very large canes. Shortly afterwards 
the strata of fresh water deposit were seen to 
be vertical and were filled with a species of 
Gnathodon (G. Lecontei Conrad). 


a long curved range of hills the base of which 
was composed of strata of limestone dipping 
outwardly, and containing also Gnathodon; 
around thesehills and mounds were concentric 
lines of small stones from the mountains ar- 
ranged by aqueous action. 

“About half past five, we encamped in the 
bed of Cariso creek, here entirely dry....” 


The “long curved range of hills” is 
identifiable as the Superstition Hills, T 
13 S, R 11-12 E, Imperial County, andthe 
“concentric lines of small stones” are 
features of former Lake Coahuila. The 
vertical strata containing Rangia en- 
countered east of the hills are evidently 
faulted and indurated outliers of the 
Brawley Formation as mappedby Dibblee 
(1954, pl. 2). 

Dall (1894) attributed to LeConte a 
cription of the type locality of Rangia 
lecontei as “a layer of rock two feet 
thick in the bank of the creek, where 
they occurred in the greatest profusion”. 
No published source of this description 
has been found. 


Localities of Rangia lecontei 


Outcrop collections 


Only a few of the previous collec- 
tions of Rangia lecontei have been made 
from outcrops, and none of them is known 
to be preserved in museums. Judging 
from published accounts most specimens 
collected in place are from the Brawley 
Formation, one from the Palm Springs 


About 4 
р. m., we skirted along the northern edge of 


Formation. 

1. (NI 11-9 [Salton Sea] A-8). San 
Felipe Creek, about sec. 18, Т 125, В 
11 E; W. P. Blake, Nov. 20, 1853. “Salt 
Creek, about twenty miles north of the 
entrance to Carrizo Creek” (Blake, 1857: 
103, 235) was a flowing stream. The 
only such occurrence in the area shown 
by J. S. Brown (1923), pl. 2) is in San 
Felipe Creek, and this identification is 
consistent with the location of Salt Creek 
by Blake (1857, map facing p 228). 
Dibblee (1954, pl. 2) mapped Brawley 
Formation north and south of San Felipe 
Creek, and the unit would be expected 
in the walls of that creek. 

2. (NI 11-9 [Salton Sea] A-7 or А-8). 
Northwestern part of T 13 S, В 12 E, 
below the highest features of Lake Coa- 
huila; J. L. LeConte, Oct. 30, 1850. The 
vertical strata noted by LeConte (1855) 
are identified as Brawley Formation. 

3. (NI 11-9 [Salton Sea] А-8). Nor- 
thern edge of Superstition Hills, T 13 6, 
R 11 E, below the highest features of 
Lake Coahuila; J. L. LeConte, Oct. 30, 
1850. The limestone strata dipping out- 
ward described by LeConte (1855) are 
identified as Brawley Formation. 

4, (NI 11-12 [El Centro] D-8). Near 
mouth of Carrizo Creek, about SW 1/4 
sec. 7, T 155, T10E;W. P. Blake, Nov. 
21, 1853. Blake (1857: 104-105) des- 
cribed the locality as along the emigrant 
road, east of the sudden descent into 
Carrizo Creek. The specimen collected 
by Blake may not have been in place, but 
was almost surely derived from one 
of the outcrops of Palm Spring Forma- 
tion shown along the old road оп the Geo- 
logic Map of California, Olaf P. Jenkins 
edition, San Diego-El Centro sheet (1962) 
1: 250000. 


Surface collections 


5. (NI 11-8 [Santa Ana] B-1). USGS 
Cenozoic locality 23574. Oasis quad- 
rangle (1956) 1: 24000. NE 1/4 sec. 8, 
T 95, R 9 E, about 1 mile south of 
Travertine Rock; D. W. Taylor, 1949, 

6. (NI 11-12 [El Centro] D-8). CAS 
locality 22619. Superstition Mountain 
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quadrangle (1956) 1: 24000. Supersti- 
tion Mountain; G. D. Hanna, 1921. 

7. (NI 11-12 [El Centro] D-8). CAS 
locality 22663. Superstition Mountain 
quadrangle (1956) 1: 24000. One mile 
south of Supersition Mountain; G. D. 
Hanna, 1921. 

8. (NI 11-9 [Salton Sea] B-8). Dur- 
mid quadrangle (1956) 1: 24000. Near 
Durmid Station. Pinkerton; Stanford 
University, ex San Diego Society of Na- 
tural History. 

9. (NI 11-9 [Salton Sea] B-7). USGS 
Cenozoic locality 23568. Frink NW 
quadrangle (1956) 1: 24000. 1000 ft 
west, 1000 ft south, sec. 15, T 95, В 12 
E; D. W. Taylor, 1949. 

10. (NI 11-9 [Salton Sea] B-7). USGS 
Cenozoic locality 23571. Frink NW quad- 
rangle (1956) 1: 24000. NW 1/4 sec. 28 
and SW 1/4 sec. 21, T 9S,R 12 E; D. W. 
Taylor, 1949. Specimens recorded by 
Hubbs and Miller (1948: 109) are at or 
close by this locality. 

11. (NI 11-9 [Salton Sea] B-7). USGS 
Cenozoic locality 23570. Frink quad- 
rangle (1956) 1: 24000. 800 ft north, 100 
ft east, sec. 28, T 9S, R 12 E, beside 
road to Bombay Beach 300 ft south of 
state highway 111; D. W. Taylor, 1949. 

12. (NI 11-9 [Salton Sea] B-7). USGS 
Cenozoic locality 23569. Frink quad- 
rangle (1956) 1: 24000. NE 1/4 sec. 32 
and NW 1/4sec. 33, T9S,R 12 E. Shells 
along edge of Salton Sea at end of dirt 
road to Bombay Beach; D. W. Taylor, 
1949. 

13. (NI 11-9 [Salton Sea] A-6). “Flow- 
ing Wells”, perhaps Flowing Wells 
Siding, sec 18, T 11 S, R 15 E (Orcutt, 
1915: 182). 

14. (About NI 11-12 [El Centro] C-3). 
Yuma Desert; Mr. Brandegee, in Henry 
Hemphill collection, Stanford University. 


27. Palm Spring Formation, California 
(NI 11-8 [Santa Ana] D-1, NI 11-11 
[San Diego] D-1, D-2, NI 11-12 [El 

Centro] D-8) 


Most of the localities are about 30 
miles southwest of the Salton Sea, in 
the Vallecito Mountains; one is in the 


Indio Hills about 4 miles north of Indio 
and 20 miles northwest of the Salton 
Sea. One of the few known outcrop lo- 
calities of Rangia lecontei (loc. 4, р 60), 
reported by Blake (1857), was assigned 
by Woodring (1932: 10) to the Palm 
Spring Formation; the other localities 
have not been published. The formation 
has been described and mapped by Wood- 
ring (1932) and Dibblee (1954), with re- 
vision by Woodard (1962). Part of the 
formation is shown on the Geologic Map 
of California, Olaf P. Jenkins edition, 
San Diego-El Centro sheet (1962) 
1: 250000 as nonmarine Pliocene. About 
5 species of mollusks are known, none 
surely extinct. Associated vertebrates 
include 28 species of birds (Howard, 
1963), and about 40 mammals (Downs, 
1957; Downs and Woodard, 1962; White 
and Downs, 1961 and in progress). 
Most of the mammals are Irvingtonian, 
some Blancan; the formation may be en- 
tirely Pleistocene. Fossil mollusks are 
in the collections of the Los Angeles 
County Museum and USGS. Most recent 
topographic maps: U. S. GeologicalSur- 
vey quadrangles Agua Caliente Springs 
(1959) 1: 24000, Arroyo Tapiado (1959) 
1: 24000, Lost Horse Mountain (1958) 
1: 62500 and Plaster City NW (1956) 
1: 24000. 


28. Mopung Hills local fauna, Nevada 
(NJ 11-1 [Reno] D-3, D-4) 


The fossil localities are withina radius 
of about 1 mile, at the southwestern 
end of the Mopung Hills (the western tip 
of the West Humboldt Range), about 25 
miles southwest of Lovelock. The fos- 
siliferous unit has not been mapped; it 
may be part of the upper Truckee For- 
mation as described by Axelrod (1956). 
The fauna includes about 8 species of 
freshwater mollusks, interpreted as late 
Pliocene (Taylor, unpublished data), 
Fossils are in CAS, UCMP UMMZ, and 
USGS collections. Most recent topogra- 
phic maps: U. S. Geological Survey 
quadrangles (1951) 1: 62500, Carson 
Sink and Desert Peak. 

UCMP collection B-932 is labelled 
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FIGS. 1-7. 


PLATE 4 


Vorticifex gesteri (Hanna), X 4. USGS Cenozoic locality 14729, Mono Lake basin, 
California. Figs. 1-3, Figured specimen, USNM. Figs. 4, 5, Figured specimen, 
USNM. Figs. 6, 7, Figured specimen, USNM. 
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PLATE 5 


FIGS. 1-10. Freshwater snails, all X 4, from USGS Cenozoic locality 14729, Mono Lake basin, 
California. Figs. 1, 2, Vorticifex gesteri (Hanna). Figured specimen, USNM. 
FIGS. 3-10, Helisoma newberryi (Lea). Figs. 3, 6, 8, Figured specimen, USNM. 
Figs. 4, 7, 10, Figured specimen, USNM. Figs. 5, 9, Figured specimen, USNM. 
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FIG. 16. Blancan fossil localities in Mono Basin, California, and at Sodaville, Nevada. These 
appear as localities 29 and 30 on Fig. 1. 
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“Central Utah, near line of R.R.” On 
closer inspection of the label one can 
see it read originally “Nevada”, and 
Utah was written in after erasure. Both 
matrix and fossils can be duplicated 
readily in outcrops at the southwestern 
end of the Mopung Hills, close to the 
railroad, and there seems to be no 
reasonable doubt that this is the pro- 
venance of the specimens. On this evi- 
dence, the record by Hannibal (1910: 
107) of Valvata calli Hannibal from 
“Central Nevada, near R.R.” is prob- 
ably based on this collection. I con- 
sider the Valvata at this locality is 
not V. calli, but an undescribed spe- 
cies. 


29. Lake beds in Mono Basin, 
California 
(NJ 11-4 [Walker Lake] A-4) 


The known fossil localities are all 
within a radius of about 3 miles, in the 
Mono Lake basin east of Mono Lake 
(Fig. 3). Mollusks have been described 
and illustrated by Hanna (1963) and Tay- 
lor (this paper). The fossiliferous unit 
is shown as nonmarine undivided Plio- 
cene on the Geologic Map of California, 
Olaf P. Jenkins edition, Walker Lake 
sheet (1963). The fauna consists of two 
species of freshwater snails, one living 
and one extinct. No other fossils have 
been described from this unit. A Blan- 
can age is assigned here. The material 
described by Hanna (1963) is in the CAS 
collections; that described here, in USGS 
collections. Most recent topographic 
map: U. S. Geological Survey, Trench 
Canyon quadrangle (1958), 1: 62500. 


Freshwater mollusks from Mono Lake 
basin 


USGS Cenozoic locality 14729. Mono 
County, California. Under basalt north 
of Adobe Meadows and east of Mono Lake; 
W. F. Foshag, 1924. 

Planorbidae 

Нейзота  (Carinifex) 
(Lea) (Pl. 5, fig. 3-10) 

Vorticifex gesteri (Hanna) (Pl. 4; 
Pl. 5, fig. 1-2) 


newberryi 


A collection of fossils in USGS col- 
lections records a third locality in the 
Mono Lake basin for Vorticifex gesteri 
(Hanna). The locality cannot be located 
precisely (Fig. 16), but is significant for 
several reasons. The shells have wea- 
thered free from the matrix, offering 
hope for collection of other species. 
The fossils are from below basalt, in- 
dicating the possibility of K/A radio- 
genic dates and assignment to a geo- 
magnetic polarity epoch. The occur- 
rance of Helisoma newberryi is the 
geologically oldest known record of that 
species, and provides information perti- 
nent to the structuralhistory ofthe basin. 

Helisoma newberryi is a freshwater 
snail living in rivers and lakes around 
the edges of the northern Great Basin 
(distribution map, Fig. 8). Fossil lo- 
calities are more numerous than living 
occurrences, and show a widely dis- 
continuous distribution in parts of se- 
veral major drainage basins. АП fos- 
sil occurrences outside ofthe Mono Lake 
basin are of middle or late Pleistocene 
age, younger than any reasonable set of 
inferred former river and lake connec- 
tions joining the separate localities. The 
Mono Lake basin locality extends the 
geologie range downward, and provides 
a geographic link between the localities 
in southeastern California and those to 
the north. In so doing it also provides 
a minimum date for the presumed river 
connection between these separate oc- 
currences. Such a drainage connection 
through the Mono Lake basin tothe south 
was inferred by Hubbs and Miller (1948: 
79) on the basis of fish distribution. 

The Blancan age assignment is based 
on Vorticifex gesteri. The most simi- 
lar species occur in other Blancan fau- 
nas; and in Vorticifex the development 
of a high-spired, hyperstrophic shell 
with little or no spire-pit seems to be 
a progressive character that developed 
during and after the Pliocene. 


30. Lake beds at Sodaville, Nevada 
(NJ 11-4 [Walker Lake] B-1) 


The two known fossil localities are 
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within a quarter-mile of each other at 
Sodaville. Mollusks are the only known 
fossils, and are recorded for the first 
time. This snail, Vorticifex gesteri is 
the only one of the two forms that is 
identifiable specifically. A Blancan age 
is assigned here. All material is in 
USGS collections. Most recent topo- 
graphic map: U. S. Geological Survey 
Walker Lake quadrangle (1964) 1: 250000. 

USGS Cenozoic locality 11775 (HF 
299). Mineral Co., Nevada. Sodaville, 
east of railroad at old mill[about NE 1/4 
sec. 32, Т6М, В 35 E]. H. G. Ferguson, 
1929. 

The fossils are preserved as casts 
and internal and external molds in a 
limey coquina made up primarily by 
Vorticifex gesteri (Hanna). One poorly 
preserved specimen of Pisidium is un- 
identifiable specifically. 

USGS Cenozoic locality 14717 (HGF 
29-298). Mineral Co., Nevada. Lake 
beds 1/4 mile east of Sodaville [about 
NW 1/4 sec. 33, T6N,R35E]. H.G. 
Ferguson, 1929. 

This collection might have come from 
the same bed as that represented at lo- 
cality 11775, but the fossils are more 
weathered. The only species represented 
is Vorticifex gesteri (Hanna). 

The only localities from which Vorti- 
cifex gesteri is known besides these two 
at Sodaville are east of Mono Lake (Fig. 
16), at CAS 36730, 36988 and USGS 
14729. Hence the lake beds at Soda- 
ville are correlated with the localities 
in the Mono Basin and thought to be of 
Blancan age. 

The localities at which Vorticifex ges - 
teri is known in the Mono Basin are at 
about 7000 feet elevation, whereas those 
at Sodaville, over 40 miles away, are at 
about 4600 feet elevation. The known 
range of the species offers the hope that 
it may aid in measuring relative dis- 
placement in this tectonically active 
area. 


31. Lake beds in Owens Valley, 
California 
(NJ 11-7 [Mariposa] A-1, B-2) 


The known fossil localities are on the 


east side of Owens Valley, from 5-20 
miles east and southeast of Bishop. 
Mollusks have been recorded by Wal- 
cott (1897), Knopf (1914), Knopf and Kirk 
(1918) and Pakiser et al. (1964). The 
fossiliferous unit has been described by 
these authors and by Pakiser et al. 
(1964: 9), and mapped by Knopf and Kirk 
(1918, pl. 1). Schultz (1937: 83-84) re- 
corded a Blancan horse that is probably 
from the same stratigraphic unit. A 
Pleistocene, late Blancan or Irving- 
tonian, age is assigned here. The mol- 
lusks recorded by Walcott (1897) have 
evidently been lost; others are in USGS 
collections. Most recent topographic 
maps: U.S. Geological Survey quad- 
rangles, scale 1: 62500, Bishop (1949) 
and Waucoba Mountain (1951). 


Fossil mollusks from lake beds in Owens 
Valley 


USGS Cenozoic locality 7580. Inyo 
County, California. Waucoba Mountain 
quadrangle (1951) 1: 62500. “Lake beds, 
Owens Valley”; Edwin Kirk, 1912. Pro- 
bably from sec. 11 or 12, T 9S, R 34 E, 
on south side of road to Graham Spring. 
Fossils cited by Knopf and Kirk (1918: 
49) as “Cincinnatis cincinnatiensis An- 
thony”; reidentified as Fontelicella, 
large species. 

USGS Cenozoic locality 19197. Inyo 
County, California. Bishop quadrangle 
(1949) 1: 62500. Cut bank on north side 
of Poleta Canyon, NW corner sec. 18, 
T 7S, R 34 E; P. С. Bateman, 1956. 
This collection includes the same large 
Species of Fontelicella as the pre- 
ceeding. 

Mollusks recorded by Walcott (1897: 
342) from tilted lake beds exposed 3 
miles above the mouth of Waucoba Can- 
yon (about sec. 20, Т 9S, В 35 E, Wau- 
coba Mountain quadrangle) could not be 
found in USGS or USNM collections during 
1964. 

The stratigraphic relation of the fossil 
mollusks and the horse recorded by 
Schultz (1937) is uncertain, and it may 
be that some of the mollusks are younger 
than the Blancan horse. The Coso Moun- 
tain local fauna from the southern end 
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of Owens Valley (Schultz, 1937) hasbeen 
correlated withK/A radiogenic dates that 
show it is among the youngest of Blan- 
can faunas (Evernden et al., 1964; Hib- 
bard et al., 1965), and of early Pleisto- 
cene age. The fossils from the lake 
beds farther north in Owens Valley may 
be stratigraphically equivalent, or youn- 
ger (Pakiser et al., 1964: 9). Hence 
all fossils are Pleistocene, and some of 
the mollusks might be post-Blancan. 


32. Allison Ranch, Nevada 
NK 11-11 [Winnemucca] A-2) 


The 2 localities are at the southwest 
end of the Cortez Mountains, 42 miles 
southwest of Carlin. Two species of 
freshwater snails are reported for the 
first time. The fossiliferous unit has 
been mapped by Harold Masursky (un- 
published), who tentatively assigned a 
late Pliocene age. Hemphillian age is 
assigned here. Fossils are in USGS col- 
lections. Most recent topographic map: 
U. S. Geological Survey Horse Creek 
Valley quadrangle (1957) 1: 62500. 


Fossil Mollusks from Allison Ranch 


USGS Cenozoic locality 23232 (HFC 
181). Eureka County, Nevada. Horse 
Creek Valley quadrangle (1957) 1: 62500. 
4500 ft north, 4800 ft west, sec.5, T 26 
N, R 49 E. West of Allison Ranch. Ele- 
vation 6460 ft. Shells in calcareous 
sandstone interbedded with gravel below 
basalt. Harold Masursky, 1962. 

Lymnaeidae 

Radix intermontana Taylor, new 
name 

USGS Cenozoic locality 23233 (HFC 
182). Eureka County, Nevada. Horse 
Creek Valley quadrangle (1957) 1: 62500. 
0 ft north, 800 ft west, sec. 5, T 26 М, 
R 49 E. Elevation 6080 ft. Harold 
Masursky, 1962. 

Lymnaeidae 

Radix intermontana Taylor, new 

name (Pl. 6, Fig. 8-11) 
Planorbidae 

Coretus (Pl. 6, Fig. 7) 

The age assignment of the mollusks 
from Allison Ranch depends partly on 


the composition of the assemblage, and 
partly on the inferred specific relation- 
ships of the Radix. Since only 2 spe- 
cies are known, some of the interpre- 
tation rests on negative evidence. USGS 
collections from southern Idaho and the 
Great Basin region commonly include 
Coretus in Barstovian to Hemphillian 
(late Miocene to middle Pliocene) assem- 
blages. The specimens from Allison 
Ranch are not specifically identifiable, 
but are not C. plenus (Hanna) of Cali- 
fornia. The sparse assemblage, with 
only 2 species that are both pulmonates, 
is more consistent with the meager pre- 
Blancan faunas known in the area than 
with Blancan faunas. 

Native, living species of Radix are 
unknown in North America and virtually 
unknown in the Western Hemisphere. 
Four fossil species have been described 
previously, showing that the genus was 
present in northwestern North America 
during much of the Tertiary. These 
occurrences are all surely or probably 
older than late Pliocene, so that the pre- 
sence of Radix at Allison Ranch rein- 
forces the evidence of Coretus that the 
fauna is pre-Blancan. The previously 
described American species of Radixare 
as follows: 

Lymnaea idahoensis Yen, 1946. Salt 
Lake Group, Pliocene, Bear Lake County, 
Idaho. Type in USNM, and other speci- 
mens in USGS collections examined. The 
species includes “Lymnaea petaluma 
Hanna” as illustrated and described by 
Yen (1946) from the same locality. Pre- 
occupied by Lymnaea idahoensis Hender- 
son (1931b); here renamed Radix inter- 
montana Taylor, new name. 

Radix junturae Taylor, 1963. Black 
Butte local fauna, early Pliocene, Jun- 
tura Formation, Malheur County, Ore- 
gon. 

Radix malheurensis (Henderson and 
Rodeck), 1934. Pliocene, probably Hem- 
phillian, Malheur County, Oregon. Des- 
cribed as “Payettia (?)”, but referred 
here to Lymnaeidae on the basis of 
topotypes and other material in USGS 
collections. 
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PLATE 6 


FIGS. 1-6. Savaginius nannus (Chamberlin and Berry), X16. Figured specimens USNM. USGS 
Cenozoic locality 20093, Cache Valley Formation, Cache Valley, Utah, Topotypes 
of Fluminicola yatesiana utahensis Yen. 


BIG: 7. Coretus, X4. USGS Cenozoic locality 23233, Allison Ranch, Eureka County, Nevada. 
Figured specimen, USNM. 


FIGS. 8-11. Radix intermontana Taylor, new name, X2.4. Figured specimens, USNM. USGS 
Cenozoic locality 23233, Allison Ranch, Eureka County, Nevada. Figs. 8 € 10 are 
of one specimen; Figs. 9 & 11 are of another specimen. 
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Radix venusta (Russell), 1938. Antero 
Formation, Oligocene, South Park, Park 
County, Colorado. Described as Pseudo- 
succinea, but referred here to Radix on 
the basis of the type (in USNM) and other 
material in USGS collections. 

The fauna at the type locality of Ra- 
dix intermontana, in southeastern Idaho, 
is strikingly different from the Blancan 
assemblage in the Cache Valley Forma- 
tion of the same area (Fig. 1, localities 
36, 37). This contrast is the principal 
basis for considering the Radix and its 
associates as pre-Blancan. Occurrence 
of some other snails, such as Menetus, 
Brannerillus, and Vorticifex tryoni with 
the Radix, favors an age no greater 
than early or middle Pliocene. On this 
evidence from several sources the fauna 
from Allison Ranch is dated as Hemphil- 
lian. 


33. Hay Ranch, Nevada 
(NK 11-11 [Winnemucca] A-2) 


The locality isin southern Pine Valley, 
40 miles south-southwest of Carlin. Six 
species of mollusks are known, reported 
here for the first time. The fossili- 
ferous unit has been mapped by Harold 
Masursky (unpublished). Undescribed 
fossil mammals indicate possibly Blan- 
can age. Fossils are in USGS collec- 
tions. Most recent topographic map: U.S. 
Geological Survey Horse Creek Valley 
quadrangle (1957) 1: 62500. 


Fossil Mollusks from Hay Ranch 


USGS Cenozoic locality 23234 (HFC 
200a). Eureka County, Nevada. Horse 
Creek Valley quadrangle (1957) 1: 62500. 
1600 ft north, 3500 ft west, sec. 7, 26 N, 
R 51 E. Elevation 5520 ft. North of JD 
Ranch. Harold Masursky, 1962. 

Sphaeriidae 

Pisidium compressum Prime 

Valvatidae 

Valvata humeralis Say 
Lymnaeidae 
Lymnaea 
Planorbidae 
Gyraulus parvus (Say) 
Planorbella subcrenata (Carpenter) 


Succineidae 
cf Succinea 


34. Glenns Ferry Formation, 
Oregon—Idaho 
(NL 11-11, NK 11-2, 3, 5, 6 [Baker, 
Boise, Hailey, Jordan Valley, Twin 
Falls] quadrangles) 


The Glenns Ferry Formation outcrops 
over an area of several thousand square 
miles in southwestern Idaho and adjacent 
Oregon (Fig. 1), but most of the fossil 
localities are near the Snake River along 
about 75 miles of its course between 
Castle Creek, Idaho and Hagerman Val- 
ley, Idaho. Mollusks have been des- 
cribed or listed from rocks now in- 
cluded in the formation by the following 
authors (in chronological order): Hall 
1845, Gabb 1866-1869, Meek 1870, New- 
berry 1870a,b,c, Conrad 1871, Newberry 
1871a,b, Meek 1877, White 1882, Dall and 
Harris 1892, Lindgren and Knowlton 
1898, Lindgren 1900, Russell 1902, Lind- 
gren and Drake 1904, Dall 1924a,b, Kirk- 
ham 1931, Henderson and Rodeck 1934, 
Stearns et al. 1939, Yen 1944, Young- 
quist and Kilsgaard 1951, Littleton and 
Crosthwaite 1958, Taylor 1958, Herring- 
ton and Taylor 1958, Hibbard 1959, Hib- 
bard and Taylor 1960, Taylor 1960a, 
Malde and Powers 1962, Keith and 
Weber 1964, Weber and La Rocque 1964. 
The Glenns Ferry Formation is included 
within the Idaho Group as mapped by 
Malde (1965), Malde et al. (1963) and 
Malde and Powers (1962, pl. 1), whose 
papers should be consulted for a sum- 
mary of stratigraphy, index map of geo- 
graphic localities and access to geo- 
logic literature. 

The age range of the formation is 
late Pliocene through middle Pleisto- 
cene; most of the mollusks are Plio- 
cene. The fossils described by Hender- 
son and Rodeck (1934) are in UCMNH 
collections; those by Yen (1944) in CAS; 
practically all others in UMMZ or USGS 
collections. Types of species described 
by Meek (1870, 1877), Conrad (1871), 
White (1882) and Dall (1924b) are in the 
USNM. Most of the molluscan localities 
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are in areas covered by recent topo- 
graphic maps published by the U. S. 
Geological Survey at scales of 1: 24000 
or 1: 62500. 


Facies 


The Glenns Ferry Formation is a 
thick, widespread body of lake and stream 
deposits. The fossil assemblages are 
correlated with differences in facies 
as well as stratigraphic position, so that 
the interpretation of the fossils and their 
interrelationship to other sources of geo- 
logic dates depend upon an understanding 
of both physical and biological features. 

The greatest thickness and volume of 
the formation is included within the la- 
custrine facies, which underlies or out- 
crops over most of the basin (Fig. 1, 
locality 34). The other facies (flood- 
plain and fluviatile) are practically res- 
tricted to the axis of the basin, but are 
locally thick. The lacustrine facies was 
deposited in a large lake, Lake Idaho, 
or the Idaho Lake, of Cope (1883 a,b). 
Most of the mollusks in this facies were 
apparently restricted to, or most abun- 
dant in, the lake. There was no endemic 
sublittoral fauna, perhaps because ofthe 
soft, oozy character of the silt and fine 
sand bottom in deeper parts of the lake. 
The richest molluscan fauna lived on 
firmer substrata (coarse sand, oolitic 
sand, cinders derived from volcanic 
eruptions, reefs of calcareous algae) 
of the littoral zone. Many fishes were 
endemic to the lake (R. R. Miller, 1965), 
although they are not as striking as 
mollusks in this respect. 

Practically no mammals are known 
from the lacustrine facies or from stra- 
tigraphically equivalent beds; most ofthe 
species of mollusks of the Glenns Ferry 
Formation are restricted to the lacus- 
trine facies and thus are stratigraphi- 
cally lower. One of the rare mammals 
from the lacustrine facies is a desman 
mole, representing a group that (except 
for a mid-Pliocene occurrence in Ore- 
gon) is otherwise known only from the 
late Cenozoic of Europe. In broad out- 
lines this pattern of distribution is like 
that of the snails Orygoceras and Gy- 


raulus (Idahoella), which are similarly 
disjunct. 

The deposits of rivers flowing into this 
former lake are represented by part of 
the flood-plain facies of the Glenns 
Ferry Formation bordering the eastern 
end of the area of outcrop of the lacus- 
trine facies. The molluscan fossils of 
the two facies are so different that evi- 
dently there was little mingling of spe- 
cies of the immediately adjacent lake 
shore and tributary streams. A simi- 
larly sharp boundary between the en- 
demic fauna of modern lakes and the 
more widespread fauna of tributaries 
has been noted in Lake Ohrid, Yugo- 
Slavia-Albania (Stankovic, 1960); Lake 
Tanganyika, Africa (Leloup, 1950, 1953); 
and Lake Titicaca, Bolivia-Peru (Haas, 
1955; Hubendick, 1955). The late Plio- 
cene (Dacian) fauna of the Brasov basin, 
Romania, shows this relationship 
clearly. The fauna of the lacustrine 
facies there is virtually all extinct and 
mostly endemic. The fauna of the mar- 
ginal facies, representing shallow ponds 
and tributaries, is sharply distinct and 
dominated by species still living that also 
may occur earlier than the late Plio- 
cene (Jekelius, 1932). These statements 
apply also to the mollusks in the flood- 
plain facies of the Glenns Ferry Forma- 
tion. 

The precise correlation between the 
lacustrine and flood-plain facies at the 
eastern end of the outcrop area of the 
Glenns Ferry Formation is possible by 
tracing a widespread bassalt flow. 
Whole-rock analysis of sample KA 1173 
from this flow gave a potassium-argon 
radiogenic date of 3.48 + 0.27 x 106 
years (Evernden et al., 1964). Virtually 
all the species restricted to the lacus- 
trine facies of the formation, and most 
of those known in the flood-plain facies, 
occur below the horizon of this basalt 
and hence lived about 3.5 million years 
ago. Probably little if any of the lacus- 
trine facies is as young as 3.0 million 
years. All basalt samples from the 
formation belong to the Gilbert epoch 
of reversed geomagnetic polarity (Cox 
et al., 1965), but the samples are all 
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stratigraphically low in the for- 
mation. 

Most of the fossil mammals from the 
flood-plain facies at the eastern end of 
the Glenns Ferry Formation come from 
the classic “horse quarry” in Hager- 
man Valley, about 60 feet above the 
basalt flow mentioned. In this im- 
mediate area practically no mollusks 
are found so high stratigraphically. The 
mammals are interpreted as late Plio- 
cene (Hibbard et al., 1965), but have 
frequently been regarded as early Pleis- 
tocene, and are in any case close to the 
Pliocene-Plistocene boundary of current 
American usage. 

The fluviatile facies of the Glenns 
Ferry Formation is partly the deposits 
of large tributaries to the lake, and 
partly the deposits of an intermediate 
stage in the history of the lake. As the 
eastern end of the lake was filled the 
environment changed from lacustrine to 
fluviatile. Subsidence contemporaneous 
with deposition is responsible for ac- 
cumulation of a thick section of lacus- 
trine and then fluviatile sediments inthe 
axis of the basin, while only a small 
fraction of this amount was deposited by 
streams on the stable southeastern mar- 
gin of the basin in Hagerman Valley 
and westward. Thus the mollusks and 
vertebrates from near Hammett (Hib- 
bard, 1959, “Sand Point local fauna”) 
are scarcely different in age from those 
of the Hagerman horse quarry (compare 
my earlier, erroneous opinion in Hib- 
bard, 1959: 20-21), and might even be 
slightly younger. 

The only strong evidence for Pleisto- 
cene age of part of the Glenns Ferry 
Formation comes from the mammals of 
the area between Froman Ferry and 
Jackass Butte, near Grandview, about 
75 miles west of Hagerman and about at 
midlength of the basin. The mammals 
are Irvingtonian and distinctly different 
from those of Hagerman Valley although 
in the same flood-plain facies. Ap- 
parently by this time the lake had been 
filled completely, and the entire basin 
was a river valley receiving sediments 
in the center like those that at first 


accumulated only at the margin. Un- 
fortunately the only mollusk from this 
stratigraphically highest part of the 
formation is the common extant snail 
Valvata humeralis Say. 


Correlation 


The mollusks from the lacustrine fa- 
cies of the Glenns Ferry Formation are 
most similar to those of the Cache Valley 
Formation and Salt Lake Groupin south- 
eastern Idaho and northern Utah (Fig. 1, 
localities 35-37). A number of spe- 
cies, or vicariant pairs of closely re- 
lated species, are found only in these 
two formations. Such related forms oc- 
cur in Anodonta (Unionidae), Payettiidae, 
Pliopholyx (Pliopholygidae), Lithogly- 
phus (Hydrobiidae), Vorticifex (Planor- 
bidae), and the pair of species Gyraulus 
multicarinatus (Yen) and G. monocari- 
natus Chamberlin and Berry (Planor- 
bidae). The faunal similarities are so 
close that they indicate geologic contem- 
poraneity for the two units, and show 
that substantially similar facies are re- 
presented. 

The molluscan fauna next most similar 
to that of the Glenns Ferry Formation 
is from the basal part of the Tulare 
Formation in the Kettleman Hills, Cali- 
fornia (Fig. 1, locality 18). The following 
lists summarize the species common or 
closely related in the two formations: 
Glenns Ferry Formation, Idaho 


Gonidea malheurensis (Henderson and Rodeck) 
Sphaerium kettlemanense Arnold 

*Sphaerium striatinum (Lamarck) 

*Pisidium punctatum Sterki 

Pisidium supinum Schmidt 

*Valvata humeralis Say 

Pyrgulopsis n. sp. 

Menetus n. sp. 


Tulare Formation, California 


Gonidea coalingensis Arnold 
Sphaerium kettlemanense Arnold 
Sphaerium striatinum (Lamarck) 
Pisidium punctatum Sterki 
Pisidium supinum Schmidt 
Valvata humeralis Say 
Pyrgulopsis vincta Pilsbry 
*Menetus centervillensis (Tryon) 
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An asterisk marks species that are so 
widespread that they do not show a par- 
ticular relationship between the faunas of 
the two areas. The number of common 
species, or of pairs of related spe- 
cies, is due to both approximate con- 
temporaneity and similar facies, the 
relative effects of which cannot be dis- 
tinguished now. The biogeographic re- 
lations of these 2 areas have been dis- 
cussed previously (p 17-27). 


Blancan Fossils from Glenns Ferry 
Formation 


The following list includes all of the 
vertebrates, and the previously des- 
cribed species of mollusks, known from 
the stratigraphically lower (Blancan) 
part of the Glenns Ferry Formation. 
The fossils excluded are those from the 
volumetrically small middle Pleistocene 
part of the formation, along the Snake 
River from Froman Ferry to Jackass 
Butte. The list of mammals includes 
the unpublished results of collecting by 
C. W. Hibbard and parties from the 
University of Michigan Museum of Pale- 
ontology. Records or descriptions of 
fossils from this part of the Glenns 
Ferry Formation are included in the 
following papers: Boss (1932), Brod- 
korb (1958, 1963, 1964a), Conrad (1871), 
Cope (1870a, b, 1871, 1883a, b), Dall 
(1924a, b), Dall and Harris (1892), Fine 
(1964), Gabb (1866-1869), Gazin (1933a, 
b, 1934a, b, 1935a, b, c, 1936, 1937a, 
1938), Gidley (1930a, b, 1931), Gilmore 
(1933, 1938), Hall (1845), Henderson and 
Rodeck (1934), Herrington (1962), Her- 
rington and Taylor (1958), Hibbard 
(1958a, b, 1959, 1962), Hibbard and Tay- 
lor (1960), Keith and Weber (1964), Kirk- 
ham (1931), Leidy (1870a, b, 1871, 1873), 
Lindgren (1900), Lindgren and Drake 
(1904), Lindgren and Knowlton (1898), 
Littleton and Crosthwaite (1958), Malde 
and Powers (1962), Meek (1870, 1877), 
A. H. Miller (1948), L. Miller (1944), 
R. R. Miller (1958, 1965), Newberry 
(1870a, Ъ, с, 1871а, b), Russell (1902), 
Stearns et al. (1939), Stirton (1935), 
Taylor (1958, 1960a), Uyeno (1961), 


Uyeno and Miller (1963), Weber and La 
Rocque (1964), Wetmore (1933), White 
(1882), Wilson (1933, 1937), Yen (1944), 
Youngquist and Kilsgaard (1951). 

A diverse pollen flora is under study 
by E. B. Leopold, who mentioned briefly 
(Leopold in Weber, 1965) some climatic 
inferences from this and other late Ceno- 
zoic floras from Idaho. 


Class Pelecypoda 
Order Schizodonta 
Margaritiferidae 
Gonidea malheurensis (Henderson 
and Rodeck) 
Unionidae 
Anodonta 
Order Heterodonta 
Sphaeriidae 
Sphaerium idahoense Meek 
Sphaerium kettlemanense Arnold 
Sphaerium striatinum (Lamarck) 
Pisidium compressum Prime 
Pisidium punctatum Sterki 
Pisidium supinum Schmidt 
Pisidium woodringi Yen 
Class Gastropoda 
Order Archaeogastropoda 
Payettiidae 
Payettia dallii (White) 
Order Mesogastropoda 
Valvatidae 
Valvata humeralis Say 
“Aphanotylus” whitei Dall 
Pliopholygidae 
Pliopholyx campbelli (Dall) 
Pliopholyx idahoensis Yen 
Orygoceratidae 
Orygoceras arcuatum Dall 
Orygoceras crenulatum Dall 
Orygoceras idahoense Dall 
Orygoceras tuba Dall 
Hydrobiidae 
“Amnicola” bithynoides Yen 
Fontelicella idahoensis (Pilsbry) 
Lithoglyphus occidentalis (Hall) 
Lithoglyphus superbus (Yen) 
Lithoglyphus weaveri (Yen) 
“Pyrgulopsis” carinata Yen 
Pyrgulopsis 
Pleuroceridae 
“Melania” taylori Gabb 
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Order Basommatophora 
Lymnaeidae 
Lymnaea occidentalis Hemphill 


Bakerilymnaea cockerelli (Pilsbry 


and Ferriss) 
Planorbidae 
Omalodiscus pattersoni (Baker) 
Gyraulus multicarinatus (Yen) 
Gyraulus parvus (Say) 


Promenetus exacuous kansasensis 


(Baker) 


Promenetus umbilicatellus (Cocke- 


rell) 
Planorbula campestris (Dawson)? 
Menetus 
Physidae 
Physa gyrina Say 
Order Stylommatophora 
Zonitidae 
Hawaiia minuscula (Binney) 
Class Crustacea 
Order Decapoda 
Astacidae 
Pacifastacus ? breviforceps (Cope) 
Pacifastacus ? chenoderma (Cope) 
Class Osteichthyes 
Salmonidae 
Salmo copei Uyeno and Miller 
Salmo 
Cyprinidae 
Diastichus macrodon Cope 
Diastichus parvidens Cope 
Mylocyprinus robustus Leidy 


Mylopharodon hagermanensis Uyeno 
Mylopharodon? condonianus (Cope) 
P. oregonensis 


Ptychocheilus cf 
(Richardson) 


Sigmopharyngodon idahoensis Uyeno 


Acrocheilus 
Catostomidae 
Catostomus cristatus Cope 
Catostomus reddingi Cope 
Catostomus shoshonensis Cope 
Catostomus (Pantosteus) 
Deltistes 
Chasmistes 
Ictaluridae 
Ictalurus 
Centrarchidae 
Archoplites 
Cottidae 
Cottus divaricatus Cope 
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Class Amphibia 
Order Salientia 
Frogs 
Class Reptilia 
Order Chelonia 
Kinosternidae 
Kinosternon 
Emydidae 
Pseudemys idahoensis Gilmore 
Order Squamata 
Colubridae 
Thamnophis 
Class Aves 
Order Podicipediformes 
Podicipedidae 
Podiceps 
Aechmophorus 
Podilymbus 
Order Pelecaniformes 
Phalacrocoracidae 
Phalacrocorax auritus (Lesson) 
Phalacrocorax idahensis (Marsh) 
Phalacrocorax macer Brodkorb 
Pelecanidae 
Pelecanus halieus Wetmore 
Order Ardeiformes 
Ciconiidae 
Ciconia maltha L. Miller 
Order Anseriformes 
Anatidae 
Olor columbianus (Ord) 
Olor hibbardi (Brodkorb) 
Anser pressus (Wetmore) 
Anas platyrhynchos Linnaeus 
Querquedula 
Nettion bunkeri Wetmore 
Order Gruiformes 
Gruidae, indeterminate 
Rallidae 
Gallinula chloropus (Linnaeus) 
Porzana lacustris Brodkorb 
Order Strigiformes 
Strigidae 
Speotyto 
Asio 
Class Mammalia 
Order Insectivora 
Soricidae 
Blarina gidleyi Gazin 
Talpidae 
Desmana moschata (Linnaeus) 
Order Chiroptera 
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Vespertilionidae 
Antrozous 
Order Edentata 
Megalonychidae 
Megalonyx leptonyx (Marsh)? 
Order Rodentia 
Sciuridae 
Marmot 
Citellus 
Geomyidae 
Thomomys gidleyi Wilson 
Heteromyidae 
Perognathus 
Prodipodomys idahoensis Hibbard 
Castoridae 
Castor cf С. californicus Kellogg 
Procastoroides 
Cricetidae 
Peromyscus hagermanensis Hibbard 
Cosomys primus Wilson 
Nebraskomys ? taylori Hibbard (in- 
cluding Pliophenacomys idahoensis 
Hibbard) 
Pliopotamys minor (Wilson) 
Pliopotamys 
Order Carnivora 
Canidae 
Canis cf C. latrans Say 
Borophagus 
Ursidae 
Arctotherium 
Ursidae sp. 
Mustelidae 
Mustela gazini Hibbard 
Lutra piscinaria Leidy 
Canimartes ? cookii (Gazin) 
Canimartes ? idahoensis (Gazin) 
Felidae 
Felis lacustris Gazin 
Machairodontidae 
Machairodus ? hesperus Gazin 
Order Proboscidea 
Mammutidae 
Mammut 
Order Lagomorpha 
Leporidae 
Hypolagus limnetus Gazin 
Hypolagus cf H. vetus (Kellogg) 
Pratilepus vagus (Gazin) 
Order Artiodactyla 
Tayassuidae 
Platygonus pearcei Gazin 
Camelidae 


?Camelops arenarum Hay 

?Procamelus or Tanupolama 
Cervidae, indeterminate 
Antilocapridae 

Ceratomeryx prenticei Gazin 

Order Perissodactyla 

Equidae 

Plesippus shoshonensis Gidley 


Type Localities of Mollusks Described 
from Glenns Ferry Formation 


By curious coincidence, every Species 
of mollusk that has been first described 
from the Glenns Ferry Formation was 
ascribed to a locality either seriously 
wrong (“Colorado”, Conrad, 1871) or 
vague (“Hammett”, Yen, 1944). Even 
more curiously, the species described 
first (Hall, 1845) are the only ones whose 
type locality can be located surely and 
precisely from the original publication. 
The type localities of the species are 
discussed in following sectionsinthe or- 
der of their description. 


Hall (1845) 


Among the first fossil freshwater 
mollusks described from North America 
were 3 species now known to have come 
from the Glenns Ferry Formation. Hall 
(1845) described Cytherea parvula, Na- 
tica (?) occidentalis and Turritella bi- 
lineata from samples 16 and 21 collected 
by J. C. Frémont, “longitude 1150, la- 
titude 439”. The lithologic description 
of the samples by Hall (1845: 300) and 
the narrative by Frémont (1845: 169- 
170) together with the description of the 
fossils enable a relatively precise re- 
location of the spot where Frémont 
collected. 

The “numberless streams and 
springs” issuing from cliffs beside the 
Snake River along a distance of about 
7 miles (Frémont, 1845: 169) are the 
series of springs from Thousand Springs 
southward in T 85, В 14 E, Gooding 
County, Idaho. The “most beautiful 
and picturesque fall” below which there 
is a “remarkable bend” (Frémont, 1845: 
169) is Thousand Springs, in sec. 8, T 8 
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S, R 14 E, and the bend of the Snake 
River is in sec. 34, T7S, R13 E, and 
secs. 3 апа 4, Т 85, R13 E. The Ore- 
gon Trail that Frémont followed is 
marked on the U. S. Geological Survey 
Pasadena Valley quadrangle (1949) 
1: 62500. Deer Gulch, crossed by the 
trail in NW 1/4 sec. 28, T6S, ВЕ, 
is the only gulch deep enough to expose 
Glenns Ferry Formation along the trail 
for several miles. The ford on the 
Snake River, “expanded into a little bay, 
in which there are two islands” (Fre- 
mont, 1845: 170), where Fremont ar- 
rived about 2 o’clock on October 3, 
1842, is identifiable as in the SE 1/4 
sec! 31, T 515; В 10 E, Elmore Co, 
Idaho, about half a mile south of the 
town of Glenns Ferry. 

Although the Glenns Ferry formation 
in the area traversed by Fremont is 
not commonly indurated, the lower parts 
of the lacustrine facies frequently con- 
tain concretions. These are common in 
Deer Gulch where crossed by the Oregon 
Trail, and it seems practically certain 
that some of these were sampled by 
Frémont. There is no question of any 
other formation, for the others in the 
vicinity are Pleistocene, not indurated, 
and do not contain fossils like those 
described by Hall. 

Cytherea parvula Hall might be either 
of two species of Sphaerium that occur 
in the Glenns Ferry Formation—either 
S. idahoense or an undescribed Species. 
Hall’s types have been lost (Henderson, 
1935: 36) and the species is considered 
unrecognizable (Herrington and Taylor, 
1958). 

Natica (?) occidentalis Hall is iden- 
tified as the species later described as 
Lithasia antiqua Gabb (1866). 

Turritella bilineata Hall is surely the 
species later described as Melania tay- 
lori Gabb (1866), but is preoccupied by 
Turritella bilineata von Dechen, in De 
La Beche (1832), now Murchisonia bi- 
lineata (von Dechen). 


Gabb (1866) 
Gabb (1866) described two species, 


Melania taylori and Lithasia antiqua,and 
mentioned “a little bivalve, perhaps a 
species of Sphaerium” from south- 
western Idaho. “Locality: From a 
fresh-water Tertiary deposit on Snake 
River, Idaho Territory, on the road 
from Fort Boisé to the Owyhee mining 
country. Collected by Mr. A. Taylor.” 
Lindgren and Knowlton (1898: 628) identi- 
fied this as probably Walters Ferry. 
The site of the ferry, now abandoned, 
is shown on the U. S. Geological Sur- 
vey Walters Butte quadrangle (1957) 
1: 24000 in the N 1/2 sec. 17, Т 15, В 
2 W, Canyon and Owyhee Counties, Idaho. 

The volume in which Gabb described 
these species was issued partly in 
1866, partly in 1869 (Stewart, 1927: 
310). 


Meek (1870, 1877) 


Meek (1870, 1877) described Sphae- 
rium idahoense from 2 localities: “Fos- 
sil Hill, Kaw-soh Mountains, Nevada,” 
and Castle Creek, Idaho. The only spe- 
cimens of Meek’s material still in the 
U. S. National Museum are a Single lot, 
USNM 12520, that might be from one 
bed. The field label with the speci- 
mens identifies them as coming from 
Fossil Hill, Hot Spring Mts., Nevada, 
camp 12, collected by A. Hague. 

The specimen figured by Meek (1877, 
pl. 16, fig. 1) is in a piece of poorly 
sorted coarse, oolitic shelly sandstone 
that is unlike the matrix of other fossils 
described by Meek from Fossil Hill, 
and unlike any rock at Fossil Hill. 
Other mollusks in this block include 
Orygoceras and “Melania” taylori Gabb, 
unknown outside the Glenns Ferry For- 
mation in southwestern Idaho. Surely 
all these fossils came from Idaho, not 
Nevada, and probably all from Castle 
Creek. Clarence King, who was in that 
area in 1867 and 1868, may have ob- 
tained these specimens there. Trans- 
position or mislabeling of specimens may 
have occurred. The matrix, preserva- 
tion, morphology and variety of fossils 
indicate the types of Sphaerium idaho- 
ense Meek came from the basal oolitic 
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sandstone of the lacustrine facies of the 
Glenns Ferry Formation, probably along 
Castle Creek south of the Oreana 1: 62500 
quadrangle, in an area not yet mapped 
topographically, nor thoroughly explored 
paleontologically. 


Conrad (1871) 


The two freshwater fossil mollusks 
described by Conrad (1871) as coming 
from Colorado can now be recognized 
as from the Pliocene of southwestern 
Idaho. Only one is from the Glenns 
Ferry Formation, but because Conrad 
described them in the same paper and 
gave grounds for inference they were 
associated in the field, both species are 
discussed here. 

Anodonta decurtata Conrad was des- 
cribed from “a cast in a yellow aren- 
aceous rock” that is now USNM 13574. 
The features of the shell, preservation 
and matrix are all distinctive. They 
agree closely with specimens from USGS 
2970, collected by N. F. Drake in 1897 
from “white sandstone in a south branch 
of Castle Creek whence Oreana bears 
N 160 W 6 1/2-7 miles distant”, thus 
about sec. 28, 29 or 33, T5S,RIE, 
Owyhee Co., Idaho, in the middle Plio- 
cene Chalk Hills Formation. The spe- 
cies is distinctive, unlike any in the 
Glenns Ferry Formation, and most like 
Anodonta kettlemanensis Arnold from 
the loweı part of the Tulare Formation, 
California (Fig. 1, locality 18). 

Melania decursa Conrad “accompanied 
the Anodonta, but the rock in which it 
occurs is a mixture of sand and shell 
fragments, in which many specimens of 
these shellsare replacedby chalcedony.” 
The description of the species as well 
as the matrix agree with fossils from 
the oolitic basal sandstone of the la- 
custrine facies of the Glenns Ferry For- 
mation in the vicinity of Castle Creek, 
Owyhee Co., Idaho. The species is al- 
most certainly the one described by 
Gabb (1866) as Melania taylori. The 
type has not been found in USNM col- 
lections. 

Possibly the types of Anodonta de- 


curtata and Melania decursa were col- 
lected by Clarence King in 1867 or 1868 
during a visit to the region of Castle 
Creek and Sinker Creek, at the time he 
collected the type of Sphaerium idaho- 
ense Meek. (Wilkins (1958: 120) in his 
biography of King noted that King mis- 
dated one of the visits to Idaho as 1869.) 
If so, all three species collected by King 
were published with seriously erroneous 
type localities. 


White (1882) 


Two old labels with the syntypes of 
Payettia dallii (White, 1882) (USNM 
11547) read “ 50 m. below Salmon left 
bank Snake R. Idaho” and “50 mi. below 
Salmon Falls Snake river Idaho”. The 
types of Рауейза dallii evidently came 
from blocks of indurated shelly fine 
sandstone (USNM 11548) including many 
specimens of Lithoglyphus occidentalis 
(Hall) and several of “Melania” taylori 
Gabb. Perhaps the earliest of all labels 
on this material is pasted to one of 
these blocks and reads “50 miles below 
Salmon Falls—left bank Snake Riv.” 
The details of preservation, lithology 
and morphology of the fossils can be 
matched most closely in USGS collec- 
tions by specimens from locality 3485, 
from concretions in the Glenns Ferry 
Formation collected by I. C. Russell 
in 1901, at “Shell Mountain” (Russell, 
1902: 54-55, unit 5 of stratigraphic 
section). The locality is identified as a 
promontory locally known as Sand Point, 
between Wilson Grade and the Snake 
River, on the south side (left bank) of 
the river in the S 1/2 sec. 1, T6S,R 8 
E, Owyhee Co., Idaho. 


Dall (1924) 


Dall (1924b) described mollusks from 
3 localities in the Glenns Ferry Forma- 
tion that have been relocated with varying 
success. 

USGS Cenozoic locality 3486. Mouth 
of King Hill Creek, near Glenns Ferry, 
Idaho. I. C. Russell, 1901. Type lo- 
cality of Pliopholyx campbelli (Dall). The 
details of preservation, matrix, mor- 
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phology of the fossils and abundance of 
Species can be so precisely duplicated 
within part of USGS 21510 that there is 
little doubt that this is the site of 
Russell’s collection. USGS Cenozoic 
locality 21510: Elmore Co., Idaho. Pasa- 
dena Valley quadrangle (1948) 1: 24000. 
50-100 ft S, 1350-1700ft E of NW corner 
sec. 14, T 5S, В 10E, 2615 ft elev. Silt 
and fine sand 15-20 ft below a promi- 
nent 4-ft bed of basaltic glass sand. 
D. W. Taylor, 1956. 

USGS Cenozoic locality 10302. Bluff 
on south side of Snake River, about one 
mile west of Slick Bridge. Е. С. Cal- 
kins, 1922. Type locality of “Gonio- 
basis” taylori var. calkinsi Dall. The 
published description gives the locality 
as “1 mile east of Slick Bridge”, but 
the original field label with the collec- 
tion reads “west”. Slick Bridge is 
shown on the U. S. Geological Survey 
Glenns Ferry quadrangle (1951) 1: 62500 
in the SE 1/4 sec. 26, T5S, ВЭЕ, El- 
more Co., Idaho. The locality has not 
been found either east or west of the 
bridge. 

USGS Cenozoic locality 14728. Castle 
Creek, Owyhee Co., Idaho. WH: 
Campbell. Type locality of Sphaerium 
meeki Dall, Orygoceras arcuatum Dall, 
O. crenulatum Dall, O. idahoense Dall, 
O. tuba Dall and “Aphanotylus” whitei 
Dall. The assemblage of fossils and 
matrix show the locality is in the basal 
oolitic sandstone of the lacustrine facies 
of the Glenns Ferry Formation, probably 
along Castle Creek south of the Oreana 
1: 62500 quadrangle, in an area not yet 
mapped topographically nor thoroughly 
explored paleontologically. 


Yen (1944) 


Yen (1944) described mollusks “from 
Hammett in Elmore County, southern 
Idaho. The material was collected by 
Mr. A. Altha but no field information 
other than a precise locality was at- 
tached to the collection.” The records 
of the CAS, and information from L. G. 
Hertlein (personal communication), are 
that the collection described by Yen was 


given to the Academy by Albert Atha 
(correct spelling) when a student at 
the University of California, Berkeley. 
He collected the fossils on the Atha farm 
near Hammett. The “precise locality” 
mentioned by Yen is only “near Ham- 
mett”. 

Local inquiry inHammett revealedthat 
the Atha family moved some years ago 
but formerly lived in the house shown 
on the U. S. Geological Survey Hammett 
quadrangle (1948) 1: 24000 600 ft S, 100 
ft E, sec. 1, T6S, R 8 E, Elmore Co. 
Idaho, about half a mile south of Hammett. 
Efforts to correspond with a member of 
the family were in vain. 

The fossils described by Yen are well 
preserved shells having a slight pink 
color indicating they had not weathered 
long on the surface. They are un- 
crushed, and washed free from a loose 
matrix of fine sand. The details of pre- 
servation, matrix and the assemblage 
of the fossils are like those in the ful- 
viatile facies of the Glenns Ferry For- 
mation, particularly south of the Snake 
River opposite Hammett, at USGS 19129 
(Hibbard 1959, Malde and Powers 1962). 
At this locality the slopes are steep 
and fossils can weather at the surface 
only a short time. More probably the 
Atha collection came from a similar, 
nearby locality in this part of the for- 
mation, or possibly from an excavation 
near the Atha farmhouse. 


35. Salt Lake Group, 
Marsh Creek Valley, Idaho 
(NK 12-4 [Pocatello] C-1) 


The one known fossil locality is on 
the west side of Marsh Creek Valley 
6 miles south of Inkom. Mollusks are 
reported here for the first time. The 
fossiliferous unit is shown as Salt Lake 
Formation on the geologic map of Idaho 
(Ross and Forrester, 1947). The fauna 
includes about 10 species that are in- 
terpreted as late Pliocene. All fossils 
are in USGS collections. Most recent 
topographic map: U.S. Geological Sur- 
vey Pocatello quadrangle (1958) 
1: 250000. 
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Stratigraphic Section of Salt Lake Group, SW 1/4 SW 1/4 sec. 15,T 8S, В 36 E, Bannock Co., 


Idaho 





Unit Description 
(feet) 


Top not exposed 


8 Siliceous ash, light gray (5Y 7/1) when dry, 2.0 
massive, compact, calcareous, weathers 
into large flat blocks and forms slight 
ledge at top of road cut; has numerous 
fine flecks of limonite stain, carbonized 
plant fragments and ostracodes; lower 
0.2 ft silty; basal . 05 ft slightly limonite 
stained 


7 Silt, light olive gray (5Y 6/2) when moist, 0.5 
massive, compact, calcareous limonite- 
flecked; shells common, poorly preserved 


6 Sand, very fine grained, pale yellow (5Y 7/3) 162 
when dry, olive (5Y 5/3) when moist, well 
sorted, grains subrounded to well rounded, 
massive, compact, calcareous; scattered, 
well rounded pebbles; abundant, well 
preserved shells, mostly Pliopholyx; few 
carbonized plant fragments; top .05 ft 
limonite stained 


5 Silt and ash, mixed, light gray (5Y 7/2) dry, 0.45 
light olive gray (5Y 6/2) moist, thin-bedded, 
compact, calcareous, fissile, thinly laminated, 
limonite-flecked; abundant ostracodes, 
poorly preserved shells and carbonized plant 
fragments 


4 Siliceous ash, light gray (5Y 7/1), massive, 1.85 
compact, calcareous, with numerous fine 
flecks and streaks of limonite stain; few 
shells; abundant ostracodes; 0.35 ft above 
base a fine sand bed 0. 05 ft thick that rests 
with minor erosional uncomformity on lower 
part of ash and grades upward into more 
ash 


3 Silt, gray-brown to light olive-brown (2.5Y 5/3) 1.15 
when moist, thin-bedded, compact, limey, 
limonite-streaked, with carbonized plant 
fragments, ostracodes, and abundant poorly 
preserved shells; in middle fissile, thinly 
laminated, and light brown-gray (2. 5Y 6/2) 


when dry 
2 Gypsum crystals and silt like that of unit 1 0.05 
1 Silt, gray-brown to light olive-brown (2. 5Y 5/3) 


when moist, thin-bedded, compact, limey, 
limonite-streaked, with carbonized plant 
fragments, ostracodes, and abundant poorly 
preserved shells. 


Base not exposed 


Thickness 


Total 
(feet) 


8.75 


6.75 


6.25 


4.60 


2.75 


1.60 
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Mollusks from the Salt Lake Group 


Only one locality is known, and in the 
absence of geologic mapping it is not 
related to the regional stratigraphy ex- 
cept in a crude way. The fossils are 
like those in the Cache Valley Forma- 
tion to the south, but only future strati- 
graphic study will show whether rocks 
in Marsh Creek Valley are to be in- 
cluded in this unit. 

U. S. Geological Survey Cenozoic lo- 
cality 20147 (DWT 471). Bannock Co., 
Idaho. South side of SW 1/4 SW1/4 sec. 
15, Т 85, R36 E. Road cut about 100 feet 
long on the west side of Marsh Creek 
road; 6.0 miles south of the junction of 
Marsh Creek road and Portneuf road on 
the southwestern edge of the town of 
Inkom; 0.55 mile south of Walker Creek. 


No apparent dip in the exposure. Some 
Shells were collected as float at the base 
of the exposure, but most of them were 
collected from unit 6 of the measured 
section. H. A. Powers andD. W. Taylor, 
1955. 

The stratigraphic section seen on p 79 
was measured by D. W. Taylor in 1955. 
Color notations are those of the Munsell 
system. 

The mollusks from this locality are 
significant for two reasons: they are the 
youngest Tertiary fossils from the Snake 
River drainage in southeastern Idaho; and 
although the locality is now in Snake 
River drainage the affinities of the fos- 
sils are almost entirely with faunas to 
the south, in Great Basin drainage. 

The fauna from locality 20147 iscom- 
pared with those from other localities 


TABLE 3. Mollusks occurring in Cache Valley Formation and Salt Lake Group in southeastern 


Idaho and northern Utah 


Locality 


Species 


Sphaerium striatinum (Lamarck) 

Pisidium compressum Prime 

Pisidium punctatum Sterki 

“Payettia” micra Yen 

Valvata humeralis Say 

Valvata incerta Yen 

Savaginius nannus (Chamberlin and Berry) 

Lithoglyphus utahensis (Yen) 

Anculopsis bicarinata Yen 

Anculopsis houghterlingi Yen 

Anculopsis utahensis (Yen) 

Pliopholyx reesidei Yen 

Lymnaea kingii Meek 

Lymnaea occidentalis Hemphill 

Gyraulus monocarinatus (Chamberlin and 
Berry) 

Gyraulus parvus (Say) 

Omalodiscus pattersoni (Baker) 

Vorticifex minimus (Yen) 

Vorticifex utahensis (Yen) 

Promenetus exacuous kansasensis, (Baker) 

Promenetus umbilicatellus (Cockerell) 

Vallonia gracilicosta Reinhardt 


X = occurrence 
TL =type locality 


























22428 
X X X X 
X X x x 
X X x x 
TL X x x 
x x 
DE X 
X TL x 
IE 
TL 
TL 
TL 
TL 
X 
Ye ? 
X TL 
X 
X 
TL 
X 
X 
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to the south in the Cache Valley Forma- 
tion in Table 3. Only the fossils identi- 
fiable as previously described species 
are listed (5 of about 10), but all are 
either characteristic of the Cache Valley 
Formation, or are widespread. This 
marked community of fauna with locali- 
ties to the south is interpreted as 
indicating that at this time Marsh Creek 
Valley was part of the same drainage 
basin as Cache Valley, Idaho-Utah, tothe 
south. 


36. Cache Valley Formation, 
Gentile Valley, Idaho 
(NK 12-5 [Preston] B-8) 


The one known fossil locality is on 
the west side of the south end of Gen- 
tile Valley, about 5 miles northwest of 
Cleveland. Mollusks are the only fos- 
sils known and are reported here for 
the first time. The fossiliferous unit 
is shown as an island of Salt Lake Group 
and older rocks surrounded by Lake 
Thatcher Formation by Bright (1963, 
pl. 3), and as Salt Lake Formation on 
the geologic map of Idaho (Ross and 
Forrester, 1947). The fauna includes 
about 18 species that are interpreted 
as late Pliocene. Fossils are in UMMZ 
and USGS collections. Most recent 
topographic map: U. S. Geological 
Survey Preston quadrangle (1918) 
1: 125000. Revised county boundaries 
are shown by the U.S. Geological Sur- 
vay Preston quadrangle (1958) 1: 250000. 


Mollusks from the Cache Valley 
Formation 


Only one fossil locality is known. It 
is assigned to the Cache Valley Forma- 
tion, traced northward from the type area 
in Cache Valley, by Bright (1960, 1963). 

USGS Cenozoic locality 22428 (DWT 
T61-64). Franklin Co., Idaho. South 
center of NW 1/4 sec. 10, T 12S, В 40 
E. Tuffaceous claystone exposed at old 
prospect on north side of valley of un- 
named creek. About 40 feet below top 
of ridge. Strike about N 40° W, dip 15° 
NE..r D..W. Taylor, В. С. Bright, 1961. 

Previously described species found at 


this locality are listed in Table 3, showing 
the similarity of the fauna to other lo- 
calitites in the Cache Valley Formation. 
As with the fauna at locality 20147 in 
Marsh Creek Valley to the west, all of 
the species are either characteristic of 
the Cache Valley Formation, or are wide- 
spread. Hence Gentile Valley, like Marsh 
Creek Valley, was probably part of the 
same drainage basin as Cache Valley, 
Idaho-Utah, when the Cache Valley For- 
mation was being deposited. 

Locality 22428 in Gentile Valley is now 
drained by the Bear River, which flows 
southward through Cache Valley and then 
into Great Salt Lake. This part of the 
course of Bear River is a late Pleis- 
tocene feature due to lava damming of 
the river (Bright, 1963). During the 
Pleistocene, before volcanism brought 
about this drainage reversal, the Bear 
River was a tributary of the Snake River 
to the north. 

Thus the history of both Marsh Creek 
Valley and Gentile Valley was similar 
during the late Pliocene and most of the 
Pleistocene. The late Pliocene sedi- 
ments were deposited in valleys that 
drained southward into Cache Valley, or 
into a lake basin that included Cache 
Valley, but Pleistocene tectonic activity 
reversed the drainage pattern sothatthe 
valleys drained northward into the Snake 
River. This drainage reversal was prob- 
ably associated with the episode of up- 
lift and faulting recognized by Bright 
(1960) in the Gentile Valley region, 
during which about 3000 feet of Mink 
Creek Formation was deposited. 

The late Pliocene age assigned to 
the Cache Valley Formation, and the pro- 
bable correlation with the upper part 
of an unnamed formation in western Wyo- 
ming (Fig. 1, localities 38, 39), provides 
a basis for suggesting the regional cor- 
relation of some overlying thick con- 
glomeratic units that have been less pre- 
cisely dated previously. They are all 
thought to be early Pleistocene, late 
Blancan and/or early post-Blancan. 
These units are as follows: 

Bivouac Formation, Jackson Hole, 
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Wyoming (Love 1956a, b) (Fig. 1, lo- 
cality 38). The formation is about 1000 
feet thick, dips up to 8°, overlies un- 
conformably the upper part of an un- 
named formation of late Pliocene and/or 
earliest Pleistocene age, and is un- 
conformably overlain by the oldest 
glacial deposits of the area. 

Long Spring Formation, Grand Valley, 
Idaho (Merritt, 1956). The formation is 
up to 200 feet thick, dips up to 10°, and 
overlies unconformably the upper part 
of an unnamed formation of late Plio- 
cene and Pleistocene age. 

Mink Creek Formation, northern end 
of Cache Valley and southern end of 
Gentile Valley, Idaho (Adamson et al., 
1955; Bright, 1960). The formation lo- 
cally exceeds 3000 feet in thickness, and 
is cut by faults with up to 1500-2000 
feet displacement. It overlies the Cache 
Valley Formation conformably or with 
no significant unconformity. 


37. Cache Valley Formation, Utah 
(NK 12-7 [Brigham City] C-1, D-1, 
NK 12-8 [Ogden] C-8) 


The described fossil localities occur 
within a distance of about 25 miles, in 
the southern part of Cache Valley and in 
the hills on the west side of that valley. 
Mollusks have been described or listed 
from localities within the Cache Valley 
Formation in the sense of Adamson et al. 
(1955) by Meek (1877), Chamberlin and 
Berry (1933), Yen (1947), Adamson etal. 
(1955), Taylor (1958), Hibbard and Tay- 
lor (1960) and Mullens and Izett (1964). 
Distribution of the Cache Valley For- 
mation has been mapped by Adamson et 
al. (1955), Williams (1958) and Mullens 
and Izett (1964, as Salt Lake Forma- 
tion). The fauna includes about 25 spe- 
cies, several endemic but with close re- 
latives in the Glenns Ferry Formation 
of southwestern Idaho, and the endemic 
genus Anculopsis. Swain (1947) des- 
cribed ostracodes from the same lo- 
cality from which Yen (1947) described 
mollusks; and Brown (1949) described 
leaves from another site. Adamson et 
al. (1955) considered the formation mid- 


dle to late Pliocene in age. The mol- 
lusks are interpreted as being equiva- 
lent in age to the lacustrine facies of 
the Glenns Ferry Formation, Idaho, and 
hence late Pliocene. Most of the fos- 
sils are in the collections of the Uni- 
versity of Utah, UMMZ and USGS. Most 
recent topographic maps: U. S. Geo- 
logical Survey quadrangles—Brigham 
City (1958) 1: 250000, Ogden (1958) 
1: 250000, Paradise (1955) 1: 24000. 

The previously described species 
known from the Cache Valley Forma- 
tion on the west side of Cache Valley 
are listed in Table 3. Locality data 
are as follows: 

USGS Cenozoic locality 20093. Box 
Elder County, Utah. SE 1/4 sec. 16, T 
13 N, R 2 W. Oolitic limestone and 
conglomerate (Adamson et al., 1955: 
13, unit 2) along the west edge of the 
Junction Hills where abruptly truncated 
by a fault scarp. Well-preserved fos- 
sils weather free in abundance on steep 
slopes, about 100 yards south ofan east- 
ward-trending draw tributary to the 
cultivated area east of the hills, and 
immediately north of the summit. This 
locality description applies to the col- 
lection made by D. W. Taylor, 1956, 
following directions given by J. S. Wil- 
liams, and is surely the locality from 
which Williams collected the fossils 
described by Yen (1947). Another col- 
lection was made here by R. M. Alf 
and others in 1951, also following di- 
rections provided by Williams. 

USGS Cenozoic locality 20094. Box 
Elder County, Utah. SE 1/4 sec. 19, T 
12 N, R2 W. Small hill east of Collins- 
ton (Chamberlin and Berry, 1933, pl. 4), 
mapped as outlier of Cache Valley For- 
mation by Adamson et al. (1955, Fig. 3) 
and considered stratigraphically equiva- 
lent to locality 20093 (Adamson et al., 
1955: 12). J. 5. Williams, 1949. 


Type locality of Lymnaea kingii 


Meek (1877: 192-193) described Lym- 
naea kingii as coming from “Cache 
Valley, Utah; Tertiary, probably of Mio- 
cene age”. The field label, still withthe 
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type, gives the locality as Mendon. The 
unique type (USNM 8097) is an external 
mold in a piece of oolitic tuffaceous 
coarse sandstone similar to that found 
in the Cache Valley Formation. External 
molds of other snails are not surely 
identifiable but can be referred to other 
species described by Chamberlin and 
Berry (1933) and Yen (1947) from the 
formation nearby. Adamson etal. (1955: 
9, fig. 3) mapped Cache Valley Forma- 
tion within two miles of Mendon and 
thence northward for several miles. 
From these data it is reasonable to 
conclude that the type of Lymnaea kingii 
Meek came from the Cache Valley For- 
mation on the west side of Cache Valley, 
northwest of Mendon, about sec. 1, T 11 
N, R 2 W, Cache County, Utah. Fig. 10 
(p 25) shows the distribution of Lymnaea 
kingii, both fossil and living. 


38. Unnamed formation, 
Jackson Hole, Wyoming 
(NK 12-2 [Driggs] B-4, C-3) 


The 3 known fossil localities are 6 
miles northeast and 4 miles southwest 
of Jackson. Some of the mollusks were 
listed and illustrated by Taylor (1956), 
and Taylor, Walter and Burch (1963). 
The fossiliferous unit is partly included 
in the Teewinot Formation, partly in 
glacial deposits, on the geologic map of 
Teton County, Wyoming (Love, 1956b); 
it is called “Lower(?) Pleistocene la- 
custrine and fluviatile beds” by Love 
et al. (1965, Fig. 16). The fauna in- 
cludes 19 species of mollusks and 2 
species of microtine rodents. Blancan 
age is assigned here. Fossils are in 
USGS and University of Michigan collec- 
tions. Most recent topographic maps: 
U. S. Geological Survey Grand Teton 
National Park sheet (1948) 1: 62500, 
Jackson (1935) 1: 125000. 


Stratigraphy 


The sediments that have yielded the 
Blancan fossils recorded herein are ex- 
posed in two local areas 10 miles apart. 
Their correlation as one unit isa matter 
of interpretation, based on fossils, de- 


gree of tilting, lithologic composition, 
and contrast with the stratigraphically 
lower Teewinot Formation. 

Localities 1 and 2 were included by 
Love (1956a, b) in the upper member of 
the Teewinot Formation. They are in 
a Sequence of about 150 ft of conglomer- 
ate, sandstone, siltstone and claystone 
whose contact with the underlying Tee- 
winot Formation is concealed. The thin- 
bedded, fine-grained pumicite and clay- 
stone sequence of the underlying Tee- 
winot half a mile to the west includes 
a substantially different molluscan fauna 
including Scalez (Taylor, 1956), and ob- 
sidian here was dated as 9.2 million years 
old (Evernden et al., 1964; sample KA 
929). Thus there is probably a gap of 
several million years in the local strati- 
graphic sequence. On the geologic cross- 
section by Love et al. (1965, Fig. 16) 
locality 1 is designated “Land snail and 
rodent fossils”; the unnamed unit is 
“Lower (?) Pleistocene lacustrine and 
fluviatile beds”; and the underlying Tee- 
winot Formation is designated “Middle 
Pliocene beds”. 

Two species of microtine rodents are 
represented by a few isolated teethfrom 
locality 1. One of these species has 
well-developed dentine tracts on both 
posterior and anterior loops of the tooth. 
C. W. Hibbard (personal communica- 
tions, 1965) interprets these features 
to indicate an age younger than that of 
the species from locality 4 in Star Val- 
ley (Fig. 1, locality 39), and younger 
than that of the Blancan mammals of the 
Glenns Ferry Formation in Idaho (Fig. 
1, locality 34), but probably still within 
the span of Blancan time. This cor- 
relation indicates that the unnamed for- 
mation may be early Pleistocene, or if 
Pliocene is very close to the end of 
that epoch. 

Locality 3 is at the south end of a 
linear hill about 2 miles long, shown as 
glacial deposits by Love (1956b, map). 
Subsequent exposures have revealed that 
the beds are similar in composition to 
the sequence at localities 1 and 2, are 
tilted and have fossil shells consistent 
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with a correlation of the 3 localities. 
The few species found at locality 3 
might be correlative with the middle 
Pleistocene mollusks found in sediments 
overridden by the earliest glaciation 
of Jackson Hole (Love and Taylor, 1962), 
so far as known stratigraphic ranges 
indicate. But those middle Pleistocene 
mollusks indicate a lacustrine environ- 
ment that probably wouldbe recognizable 
at locality 3 if the assemblages were 
contemporaneous. The “early Quater- 
nary molluscan fauna” mentionedby Love 
et al. (1965: 39) is from locality 3. Evi- 
dently this unnamed formation is cor- 
relative with part of the sequence in 
Star Valley, but only further study will 
reveal more precise correspondence. 


Localities in unnamed formation, 
Jackson Hole, Wyoming 


The species found at the following 
localities are listed in Table 4, p 86. 

1. Teton County, Wyoming. 800 ft 
west, 800 ft north, sec. 25, T42N, R 116 
W. Exposure along irrigation ditch in 
National Elk Refuge; tilted sequence of 
Sand and clayey sand below gravel. Lo- 
cality 1 of Taylor (1956); USGS Ceno- 
zoic locality 19105. C. W. Hibbard, 
J. D. Love, D. W. Taylor, 1955-1962. 

2. Teton County, Wyoming. 1250 ft 
west, 650 ft north, sec. 25, Т 42 М, В 
116 W. Claystone 43 ft stratigraphi- 
cally above locality 1; USGS Cenozoic 
locality 23327. 

3. Teton County, Wyoming. Center 
of W 1/2 sec. 19, T 40 N, R116 W. 
North-dipping silt, clay and conglome- 
rate exposed in road cut on south end 
of linear hill. Fossils from dark brown 
Clay and silty clay about 3 ft above 
road level, and 6 ft below pebble con- 
glomerate. USGS Cenozoic locality 
23585. D. W. Taylor, J. D. Love, 
1959-1961. 

The modern aspect of the fossil as- 
Semblage can be seen readily by com- 
parison with the local living fauna. The 
Recent mollusks of Jackson Hole are 
known from the papers by Beetle (1957, 
1962) and references therein. Pleisto- 


cene mollusks nave been listed by Love 
and Taylor (1962). 

The mollusks from locality 1 all be- 
long to living species so far as they 
are identified, although the Menetus may 
represent an extinct species. Four spe- 
cies (Lymnaea montanensis, Hawaiia 
minuscula, Oreohelix peripherica and O. 
cf O. yavapai) are living in nearby areas 
but not in Jackson Hole. The freshwater 
snail Menetus occurs in Blancanassem- 
blages in Star Valley (Fig. 1, locality 39) 
and in the Glenns Ferry Formation (Fig. 
1, locality 34), but is now practically 
confined to the Pacific Coast area, Per- 
haps its disappearance over a wide area 
of Idaho and Wyoming will prove to have 
regional stratigraphic value. 

The 4 species of land snails found at 
locality 1 that also live in Jackson Hole 
are found together in only 1 of the plant 
associations recognized by Beetle (1957). 
This is the aspen association, the richest 
of the terrestrial snail habitats. 


39. Unnamed formation, Star Valley, 
Wyoming 
(NK 12-5 | Preston] D-4) 


The known fossil localities are within 
a distance of about 3 miles, on the east 
side of Star Valley at and north of the 
Narrows, 8 miles north of Afton. Some 
of the mollusks were listed and illustra- 
ted by Taylor (1956, 1958). No small- 
scale geologic maps have been published. 
Seventeen species of mollusks are known 
from a series of stratigraphically dis- 
tinct localities. Associated fossils in- 
clude 3 rodents and a bird. Blancan 
and post-Blancan age is assigned here. 
Fossils are in USGS and University of 
Michigan collections. Most recent topo- 
graphic maps: U.S. Geological Survey 
Afton quadrangle (1921) 1: 125000; Pres- 
ton quadrangle (1958) 1: 250000. 


Stratigraphy 


Fresh road-cut exposures made during 
1961 provided an opportunity to observe 
the poorly indurated sediments previ- 
ously referred to the upper conglomerate 
facies of the Teewinot Formation. The 
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unit was exposed in 3 road-cuts along 
a distance of about 1 mile; fossil col- 
lections were made also in 1962 by C. 
W. Hibbard. No detailed correlations 
between the road-cuts were possible, 
on account of rapid vertical and hori- 
zontal change in composition, butingross 
appearance the sequence is similar to 
the upper conglomerate facies ofthe Tee- 
winot Formation in Grand Valley, Wyo- 
ming-Idaho, as described by Merritt 
(1956). The road-cut exposures are 
described in north-south sequence, an 
order believed to be also older to youn- 
ger. 

The first cut south of Thayne (in- 
cluding locality 4) is about 1000 ft long. 
It exposes reddish-brown pebble gravel 
and conglomerate as well as finer- 
grained lenses in crossbedded and len- 
ticular sequences. The strike is about 
N 30° E, dip N 60° W 15° maximum, 
perhaps less. The sediments are sub- 
angular pebble gravel and conglomerate 
of mixed Paleozoic derivation with lenses 
of fine sand, grit, silt and clay. Lo- 
cally there are well-rounded cobbles as 
much as 1 ft long. At the top of the 
conglomeratic section is about 50 ft of 
dark brown silt, limey toward the top, 
with scattered subangular pebbles. 

Locality 4 in this cut yielded an in- 
determinate bird and 2 species of micro- 
tine rodents. M° of 1 species has 2 
roots, a condition interpreted by C. W. 
Hibbard as indicating Blancan age, 
younger than that of the Rexroad local 
fauna (Fig. 1, locality 51) and about 
correlative with the lower part of the 
Glenns Ferry Formation (Fig. 1, locality 
34). Out of 6 species of mollusks 2 are 
extinct. The occurrence of the snail 
Bulimnea is the latest record of the 
genus in western North America. Me- 
netus is not living nearby, but is found 
in the Blancan assemblages of the Glenns 
Ferry Formation (Fig. 1, locality 34) and 
Jackson Hole (Fig. 1, locality 38). Both 
of these occurrences favor an earlier 
Blancan rather than later Blancan age. 

The second cut south of Thayne (in- 
cluding localities 5 and 6) is about 3/4 
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mile south of the first cut and across 
a minor stream valley. The cut ex- 
poses about 100 ft of medium-to-coarse- 
bedded lenticular pebble conglomerate, 
sand, silt and clay, variable both ver- 
tically and laterally. Itis cut by a few 
minor faults with about 30 ft of total 
throw, down to the north. At the south 
end of the cut, at least, the beds are flat- 
lying or perhaps dip slightly southwest- 
ward. 

Locality 6 in the cut yielded a different 
kind of microtine rodent. It has ever- 
growing teeth, aninterrupted enamel pat- 
tern, and cement in the reentrant an- 
gles of the teeth, features interpreted 
by C. C. Hibbard to indicate probably 
post-Blancan age. Of the 8 species of 
mollusks at localities 5 and 6 all are 
living nearby, so that in the interval 
above locality 4 the local molluscan fau- 
na became fully modern. 

The third cut south of Thayne (in- 
cluding locality 7) is about 1/8 mile 
southeast of the second cut. It exposes 
about 50 ft of sediments dipping 10°-15° 
south or southwest. The upper 30 ft 
of sediments are medium-to-thin-bedded 
tan sand and silt, olive and dark gray 
clay in relatively persistent beds gener- 
ally 1-3 ft thick, with scattered limey 
nodules in the clay. This fine-grained 
Sequence is conformable on 20 ft of 
subangular pebble and cobble gravel. 
The persistent bedding and fine grain 
size of the upper part of the exposed 
beds are in marked contrast to the con- 
glomeratic beds in more northern cuts. 

The 5 species of mollusks at locality 
7 are all extant, and the assemblage 
could be duplicated in middle or late 
Pleistocene deposits in southern Idaho. 
The appearance of Lithoglyphus hindsii 
may be significant, for the species is 
unknown in Blancan sediments in the 
region. 

The inferred ages of the fossil mam- 
mals, the trend toward modernization of 
molluscan fauna, the southward decrease 
in sedimentary grain-size and the ob- 
served dips are consistent with a de- 
crease in age from north to south. Fur- 
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thermore, both fossils and sediments are 
in marked contrast to those in the Tee- 
winot along the Snake River in Grand 
Valley to the north. There tuffaceous 
and diatomitic beds are conspicuous, 
but are absent in the road-cuts des- 
cribed; and in the Teewinot there are 
extinct species of Lymnaea, Valvata, 
Sphaerium and Planorbidae (Taylor, 
1956), and mammals dated as Hemphil- 
lian (Merritt, 1956). 

If localities 8-10 are correlative with 
part of the section represented by lo- 
calities 4-7, they probably correspond 


to the older part. Locality 8 yielded 1 
species locally extinct, and 1 absolutely 
extinct, out of a total of 9. 


Localities in unnamed formation, 
Star Valley, Wyoming 


Numbers in the following list con- 
tinue the sequence listed for Jackson 
Hole (p 84), and correspond to those 
in Table 4. 

4. Lincoln County, Wyoming. SE 1/4 
NE 1/4 sec. 35, Т 34 N, R 119 W. Road 
cut on east side of U. S. highway 89; 
first cut south of Thayne. Fossils from 


TABLE 4. Locality occurrence of mollusks in unnamed formation, Jackson Hole and Star Valley, 
Wyoming. 








Species 


Anodonta? 
Sphaerium striatinum (Lamarck) 
Sphaerium cf S. lacustre (Müller) 
Pisidium casertanum (Poli) 

Pisidium compressum Prime 
Pisidium obtusale (Lamarck) 

Valvata humeralis Say 

Lithoglyphus hindsii (Baird) 

Bulimnea 

Fossaria obrussa (Say) 

Lymnaea montanensis (Baker) 
Lymnaea cf L. elodes Say 

Ferrissia 

Omalodiscus pattersoni (Baker) 
Gyraulus parvus (Say) 

Planorbella (Pierosoma) 

Planorbula cf P. campestris (Dawson) 
Promenetus umbilicatellus (Cockerell) 
Menetus 

Physa 

Aplexa hypnorum (Linnaeus) 

Vertigo gouldi (Binney) 

Vertigo modesta Say 

Pupilla muscorum (Linnaeus) 

Vallonia cyclophorella Sterki 

cf Succinea (2 spp) 

Discus cronkhitei (Newcomb) 

Hawatia minuscula (Binney) 

Oreohelix peripherica (Ancey) 
Oreohelix cf O. yavapai Pilsbry 
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olive clay exposed in ditch about 200 ft 
north of south end of road cut, and 3-4 
ft above the base of the cut farther to 
the south. Exposed sediments are pebble 
gravel and conglomerate with finer- 
grained lenses in crossbedded and len- 
ticular sequences. C. W. Hibbard, D. 
W. Taylor, 1961-1962. 

5. Lincoln County, Wyoming. South- 
west corner of sec. 36, T 34N,R 119 W. 
Road cut on east side of U. 5. highway 
89; second cut south of Thayne. Fos- 
sils from dark brown claystone lens with 
shells in claystone and conglomerate se- 
quence about 100 ft south of north end 
of cut. Nearly equivalent stratigra- 
phically to locality 6. C.W. Hibbard, 
D. W. Taylor, 1961-1962. 

6. Lincoln County, Wyoming. North- 
west corner of sec 1, T 33 N, R 119 W. 
Road cut on east side of U.S. highway 
89; second cut south of Thayne. Fossils 
from lens of dark olive clay, in Sequence 
of medium-to-coarse-bedded lenticular 
pebble conglomerate, sand, silt andclay, 
about 150 ft north of south endofcut. C. 
W. Hibbard, D. W. Taylor, 1961-1962. 

7. Lincoln County, Wyoming. Center 
of NW 1/4 sec. 1, T 33 N, R119W. 
Road cut on east side of U.S. highway 
89; third cut south of Thayne. Shells 
from tan silt and sand and olive and dark 
gray clay in lower 30 ft of cut. C. W. 
Hibbard, D. W. Taylor, 1961-1962. 

8. Lincoln County, Wyoming. SE 1/4 
МЕ 1/4 sec. 13, T 33 N,R119 W. Shells 
from old mine entry on south side of 
Willow Creek; Е. M. Parks and С. $. 
Lavington, 1923. Locality 11 of Taylor 
(1956); USGS Cenozoic locality 19180. 

9. Lincoln County, Wyoming. SE 1/4 
NE 1/4Wsec. 13, T'33°-N, В 119 W. 
Caved-in old mine entry, same as lo- 


cality 8. Dark gray, clayey silt with 
many shell fragments. W. W. Rubey, 
1933. Locality 15 of Taylor (1956); 


USGS Cenozoic locality 19181. 

10. Lincoln County, Wyoming. SW 1/4 
NW 1/4 sec 13, T 33 N, R119 W. North 
side of divide between Willow Creek and 
Salt River at The Narrows. Dark gray 
clayey silt with shell fragments. W. W. 


Rubey et al., 1949. Locality 16 of Tay- 
lor (1956); USGS Cenozoic locality 19183. 


Mollusks from unnamed formation, 
Jackson Hole and Star Valley 


Since the publication of a preliminary 
report (Taylor, 1956) on the mollusks 
from the Teewinot Formation, additional 
Specimens and Stratigraphic data have 
become available from the area and 
from other places as well. The fol- 
lowing notes indicate changes in identi- 
fication or interpretation, and references 
to the published records. They refer 
only to mollusks from the upper (post- 
Hemphillian) formation. 

Anodonta ? 

A few fragments from locality 7 be- 
long to a thin-shelled mussel, hence pro- 
bably Anodonta. Anodonta californiensis 
Lea lives in the Snake River of southern 
Idaho, and in the Bear River, Wyoming- 
Idaho, but is not known from the Salt 
River running through Star Valley. Its 
apparent absence might be due only to 
lack of collecting. 

Pisidium casertanum (Poli) 

Pisidium: Taylor, 1956, Wyo. Geol. 
Assoc. Guidebook: 123, in part (loc. 1); 
not Fig. 12. Love, 1956, Wyo. Geol. 
Assoc. Guidebook: 91, in part. Love, 
1956, Bull. Am. Assoc. Petrol. Geol., 
40: 1910, in part. 

Pisidium compressum Prime 

Pisidium: Taylor, 1956, Wyo. Geol. 
Assoc. Guidebook: 123, in part (loc. 1, 
11), Fig. 12. Love, 1956, Wyo. Geol. 
Assoc. Guidebook: 91, in part. Love, 
1956, Bull. Am. Assoc. Petrol. Geol., 
40: 1910, in part. 

Valvata humeralis Say 

Valvata humeralis (Say): Taylor, 
1956, Wyo. Geol. Assoc. Guidebook: 
123 {loc 71) ALO 16) Fig В 
Love, 1956, Wyo. Geol. Assoc. Guide- 
book: 92. Love, 1956, Bull. Am. Assoc. 
Petrol. Geol., 40: 1910. 

Lithoglyphus hindsii (Baird) 

The fossil occurrence at locality 7 
in Star Valley may be the oldest one in 
the region, although it is younger than 
that in the Danforth Formation, Oregon 
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FIG. 17. Distribution of Гутпаеа (Hinkleyia) montanensis (Baker), family Lymnaeidae, а snail 
of springs and clear-water streams. Precise data for most of the localities were given by 
Taylor etal. (1963); the map includes a few additional localities. Living occurrences, dots; 
fossil, triangles. The easternmost triangle represents the only known Blancan occurrence, in 


the upper Teewinot Formation, Jackson Hole, Wayoming. Other fossiloccurrences are late 
Pleistocene. 
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(Fig. 1, locality 7). Figure 14 shows 
the distribution of the species; it is 
common in the Star Valley region. 

Bulimnea 

Young shells, fragments of spires and 
of later whorls indicate Bulimnea clearly 
at locality 4. It can be recognized by 
the relatively large nuclear whorl, as 
well as the wide, low ribs on the sur- 
face of mature shells. The occurrence 
is significant because the genus is other- 
wise restricted to pre-Blancan horizons 
in western North America. 

Lymnaea  (Hinkleyia) 

(Baker) 

Lymnaea aff. caperata Say: Taylor, 
1956, Wyo. Geol. Assoc. Guidebook: 123 
(loc. 1), Fig. 3. Love, 1956, Wyo. Geol. 
Assoc. Guidebook: 92. Love, 1956, Bull. 
Am. Assoc. Petrol. Geol., 40: 1910. 

Stagnicola (Hinkleyia) montanensis 
(Baker). Taylor, Walter, Burch, 1963, 
Malacologia, 1: 240, 260. 

Figure 17 shows the known distribu- 
tion of the species. The fossil occur- 
rence in Jackson Hole is the eastern- 
most known locality. The species is 
known only from west of the Missouri 
and Green River drainages. 

Lymnaea (Stagnicola) cf L. elodes Say 

Lymnaea palustris (Muller): Taylor, 
1956, Wyo. Geol. Assoc. Guidebook: 123 
(loc: 11, 15, 16). 

The change in nomenclature reflects 
the opinion that shells in this group do 
not provide criteria for identification to 
Species in the present state of knowledge. 
For discussion and references see 
Taylor (1965). 

Ferrissia 

Ferrissia: Taylor, 1956, Wyo. Geol. 
Assoc. Guidebook: 123 (loc. 11). 

Omalodiscus pattersoni (Baker) 

Anisus pattersoni (Baker): Taylor, 
1956, Wyo. Geol. Assoc. Guidebook: 123 
(oe. 11) Be. A: Taylor, 1958, J. 
Paleont., 32: 1150. 

Figure 13 shows the distribution of 
this species in western North America. 
With the reinterpretation of the age of 
the Star Valley occurrence as late Plio- 
cene rather than middle Pliocene, the 


montanensis 


known range of the species becomes late 
Pliocene to late Pleistocene. 

Gyraulus parvus (Say) 

Gyraulus parvus (Say): Taylor, 
1956, Wyo. Geol. Assoc. Guidebook: 123 
(locs 11)? 

Planorbella (Pierosoma) 

Helisoma cf trivolvis Say: Taylor, 
1956, Wyo. Geol. Assoc. Guidebook: 123 
(loc. 15, 16). 

The fragmentary material cannot be 
identified to species. Planorbella tri- 
volvis is not native west of the conti- 
nental divide, hence the fossils are pro- 
bably one of the western species or a 
close relative. 

Planorbula cf P. campestris (Dawson) 

The fossils cannot be identified spe- 
cifically beyond doubt, but so far as the 
material goes may be P. campestris, 
That species is the only living Planor- 
bula in the west (See distribution map, 
Fig. 18), hence reference of the fossils 
to this form is plausible. 

Promenetus umbilicatellus 
rell) 

Promenetus umbilicatellus (Cocke- 


(Cocke- 


rell): Taylor, 1956, Wyo. Geol. Assoc. 
Guidebook? 423 ос. 111): "Love, 
1956, Wyo. Geol. Assoc. Guidebook: 


92. Love, 1956, Bull. Am. Assoc. Petrol. 
Geol., 40: 1910. 


Menetus 
Vorticifex: Taylor, 1956, Wyo. 
Geol. Assoc. Guidebook: 123 (loc. 1). 


Love, 1956, Wyo. Geol. Assoc. Guide- 
book: 92. Love, 1956, Bull. Am. Assoc. 
Petrol. Geol., 40: 1910. 

Additional material collected since 
1956 shows the characters of growth 
line, surface microsculpture and shape 
of spire-pit that indicate Menetus. The 
genus is now practically confined to the 
Pacific Coast region, from southern 
California to southern Alaska, but Blan- 
can fossils document its occurrence far 
eastward in Idaho and Wyoming (Fig. 1, 
localities 34, 38, 39). 

Physa 

Physa: Taylor, 1956, Wyo. Geol. 
Assoc. Guidebook: 123 (loc. 11, 16). 
Pupilla muscorum (Linnaeus) 
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FIG. 18. Distribution of Planorbula campestris (G. M. Dawson, 1875), family Planorbidae, a 
snail of ponds and marshes. Dots, living occurrences west of the continental divide; most of 
the range of the species is in the plains of south-central Canada and north-central U.S.A. Tri- 
angles, fossil occurrences probably but not surely representing the species. From specimens 
in collections UMMZ, USGS, USNM. Blancan occurrences are indicated by the western group of 
triangles (Glenns Ferry Formation), and southeasternmost and northeasternmost triangles (un- 
named formation). Middle triangle in eastern group indicates Hemphillian occurrence in Tee- 
winot Formation; triangle between eastern and western groups marks late Pleistocene occur- 
rence. 
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Pupilla muscorum (Linne): Taylor, 
1956, Wyo. Geol. Assoc. Guidebook: 123 
(loc. 1), Fig. 9. Love, 1956, Wyo. Geol. 
Assoc. Guidebook: 92. Love, 1956, 
Bull. Am. Assoc. Petrol. Geol., 40: 1910. 

cf Succinea (2 species) 

Succinea cf avara Say: Taylor, 
1956, Wyo. Geol. Assoc. Guidebook: 123 
(loc. 1), Fig. 6. Love, 1956, Wyo. Geol. 
Assoc. Guidebook: 92. Love, 1956, Bull. 
Am. Assoc. Petrol. Geol., 40: 1910. 

Succinea cf grosvenori Lea: Taylor, 
1956, Wyo. Geol. Assoc. Guidebook: 123 
(loc. 1), Fig. 7. Love, 1956, Wyo. Geol. 
Assoc. Guidebook: 92. Love, 1956, 
Bull. Am. Assoc. Petrol. Geol., 40: 1910. 

Discus cronkhitei (Newcomb) 

Discus cronkhitei (Newcomb): Tay- 
lor, 1956, Wyo. Geol. Assoc. Guidebook: 
123 (loc. 1). Love, 1956, Wyo. Geol. 
Assoc. Guidebook: 92. Love, 1956, Bull. 
Am. Assoc. Petrol. Geol., 40: 1910. 

Нашайа minuscula (Binney) 

Hawatia minus сша (Binney): Taylor, 
1956, Wyo. Geol. Assoc. Guidebook: 123 
(loc. 1), Fig. 5. Love, 1956, Wyo. Geol. 
Assoc. Guidebook: 92. Love, 1956, Bull. 
Am. Assoc. Petrol. Geol., 40: 1910. 

Oreohelix peripherica (Ancey) 

Oreohelix cf subrudis (Pfeiffer): 
Taylor, 1956, Wyo. Geol. Assoc. Guide- 
book: 123 (loc. 1). Love, 1956, Wyo. 
Geol. Assoc. Guidebook: 92. Love, 
1956, Bull. Am. Assoc. Petrol. Geol., 
40: 1910. 


40. Colorado River area, 
California-Arizona 
(NI 11-6 [Needles] A-1, А-2, A-5, B-5, 
B-6, NI 11-9 [Salton Sea] B-3, B-4, 
C-3, D-3, NI 12-7 [Phoenix] B-6) 


Scattered localities in the Colorado 
River region, southeastern California- 
Arizona, have yielded marine, brackish 
and freshwater fossils that may be re- 
lated to a former extension of the Gulf 
of California. The precise age of none 
of the localities is known, and the mu- 
tual correlation of only some of the geo- 
graphically closer deposits has beenes- 
tablished. The pertinent literature has 
not been brought together previously, al- 


though clearly all of the deposits might 
record a single geologic event. The 
Pliocene paleogeographic map by Dur- 
ham and Allison (1960) shows a former 
northern extension of the Gulf of Cali- 
fornia on the basis of some of these 
fossils. 

If these deposits represent a large 
marine and brackish embayment, its up- 
per age limit can be defined as latest 
Blancan or earliest Irvingtonian. That 
is the age of the youngest marine fos- 
sils in the Colorado Desert that have 
been interpreted as recording such an 
embayment (Downs and Woodard, 1962). 
The lower age limit is unknown, ex- 
cept that it is probably Pliocene; per- 
haps it is as young as Blancan. 


Localities 


1. (NI 11-6 [Needles] B-6). San 
Bernardino County, California. Cadiz 
Lake quadrangle (1956) 1: 62500. Cadiz 
no. 1 drillhole, NE 1/4 sec. 4, T2N,R 
15 E. (Bassett et al., 1959; P. B. 
Smith, 1960): ostracodes, Chara, andthe 
foraminifer Streblus beccarii. 

2. (NI 11-6 [Needles] B-5). San Ber- 
nardino County, California. Milligan 
quadrangle (1956) 1: 62500. Danby no. 1 
drillhole, NE 1/4 sec. 19, T2N,R 18 E. 
(Bassett et al., 1959; P. B. Smith, 1960): 
gastropods, pelecypods, barnacles, os- 
tracodes, Foraminifera, Chara. 

3. (NI 11-6 [Needles] A-5). San Ber- 
nardino County, California. Iron Moun- 
tains quadrangle (1956) 1: 62500. Danby 
по. 2 drillhole, SE 1/4 sec. 34, T2N, В 
18 E (Bassett et al., 1959; P. B. Smith, 
1960): gastropods, pelecypods, barnacle, 
Foraminifera, Chara. 

4. (NI 11-6 [Needles] A-2). Riverside 
County, California. Parker quadrangle 
(1949) 1: 62500. Road cut along west 
side of highway between Earpand Parker, 
NE 1/4 sec.24, TION, R 25E (P. B. 
Smith, 1960): Foraminifera. 

5. (NI 11-6 [Needles] A-1). Yuma 
County, Arizona. Black Peak quadrangle 
(1959) 1: 62500. Osborne Wash, in the 
vicinity of Osborne’s Well (Ross, 1922: 
189, 190; 1923: 23): Melania or Gonio- 
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Osborne Wash 
Bittium, Cor- 


basis and Corbicula. 
(Blanchard, 1913: 39): 
bicula. 

6. (NI 11-9 [Salton Sea] C-3, D-3). 
Riverside County, California. BigMaria 
Mountains quadrangle (1951) 1: 62500; 
Blythe NE quadrangle (1951) 1: 24000. 
Southeastern Big Maria Mountains 
(Hamilton, 1960; P. B. Smith, 1960): 
pelecypods, barnacles, ostracodes, 
Foraminifera. 

7. (NI 11-9 [Salton Sea] B-4). Im- 
perial County, California. Pale Verde 
Mountains quadrangle (1953) 1: 62500. 
South end of pass through Palo Verde 
Mountains (Ross, 1922: 189-190; J. 5. 
Brown, 1923: 46): Melania or Goniobasis 
and Corbicula. The published land net 
data are evidently wrong; the locality 
isin ‘sec. 17 ог. 20 7.108, R 21 FE) 

8. (NI 11-9 [Salton Sea] B-3). Yuma 
County, Arizona. Cibola quadrangle 
(1951) 1: 62500. South and southeast 
of Cibola (Wilson, 1931; Metzger, 1963): 
cerithid, Pisidium ?, Corbicula?, barna- 
cles. 

9. (NI 12-7 [Phoenix] B-6). Yuma 
County, Arizona. Eagletail Mountains 
quadrangle (1962) 1: 62500. East end 
of Clanton Hills (Ross, 1922: 190; 1923: 
23-24): ostracodes. Judging by the map 
by Ross (1922, pl. 45) he used the name 
Clanton Hills for only the western part 
of that feature as now mapped; his lo- 
cality is probably in sec. 12, Т 25, В 
12 W. 


41. Verde Formation, Arizona 
(Holbrook C-7, C-8, D-8, 
Prescott D-1) 


The fossil localities are scattered in 
the Verde Valley within a radius of about 
10 miles. Mollusks have been mentioned 
by Jenkins (1923: 76-77), Anderson and 
Creasey (1958: 61), Lehner (1958: 561), 
Twenter (1962b), and listed by Mahard 
(1949). Twenter (1962a) and Twenter 
and Metzger (1963) specified numerous 
localities and illustrated some species, 
but did not describe or list the fauna. 
Distribution of the Verde Formation and 
its facies were mapped by Twenter and 


Metzger (1963, pl. 1). The fauna in- 
cludes at least 10 species of clams, 
terrestrial and aquatic snails. Non- 
molluscan fossils include ostracodes, 
charophytes, mammals and higher 
plants. The Pliocene (?) or Pleisto- 
cene age assigned to the Verde Forma- 
tion by Twenter and Metzger (1963) 
is restricted to Blancan, and probably 
early Pleistocene, because of the simi- 
larity of the mollusks to those of the 
Benson local fauna (Fig. 1, locality 45). 
Most recent topographic maps: U. S. 
Geological Survey quadrangles, Camp 
Verde (1932) 1: 125000, Clarkdale (1944) 
1: 62500. 


42. Lake beds in Payson Basin, 
Arizona 
(NI 12-5 [Holbrook] A-6) 


The one known fossil locality is in 
the drainage of Tonto Creek, on the 
east side of the Mazatzal Mountains 
about 6 miles southwest of Payson. 
Mollusks were mentioned by Feth and 
Hem (1963: 14). The areal distribution 
of the lake beds in the Payson Basin 
was shown roughly by Feth and Hem 
(1963: 5, Fig. 2). The only fossils 
known from these deposits are the 3 spe- 
cies of mollusks reported herein, inter- 
preted as probably Blancan or post-Blan- 
caninage. The fossils arein USGS col- 
lections. Most recent topographic map: 
U. S. Geological Survey Payson quad- 
rangle (1936) 1: 62500. 


Mollusks from lake bedsin Payson Basin 


USGS Cenozoic locality 20841. Gila 
County, Arizona. Lacustrine limestone 
at Table Mountain, about NE 1/4sec. 34, 
T 10 N, В 9 E, unsurveyed; J. H. Feth, 
1952. The fossils are preserved as 
molds in limestone. 
Only 3 species of freshwater snails 
are represented: 
Lymnaeidae 
Lymnaea (Stagnicola) cf Г. elodes 
Say 

Planorbidae 
Promenetus umbilicatellus (Cocke- 
rell) 
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Physidae 
Physa, referable to Physa virgata 
Gould 

All 3 species are extant, so far as the 
material permits identification. The ab- 
sence of extinct species, the absence of 
genera that occur widely in Hemphil- 
lian faunas in western North America 
and the contrast with the White Cone 
local fauna (Fig. 1, locality 47) favor 
an age no greater than Blancan. Evi- 
dence from fossils favors an approxi- 
mate correlation ofthe Verde Formation, 
and lake beds in the Payson and San 
Carlos Basins (Fig. 1, localities 41-43). 
These deposits were laiddownina series 
of basins aligned northwest-southeast 
from central Arizona to Chihuahua that 
may reflect the influence of a major 
structure bounding the Colorado Plateau 
(Feth and Hem, 1963: 14, 21, Fig. 2; Feth, 
1964: 16). Deposition in each basin 
was largely due to damming of the mas- 
ter stream, the Gila River, by “the ex- 
trusion and uplift of a great quantity 
of lava and ash” (Melton, 1965: 8). If 
the fossils known from each of the ba- 
Sins are nearly equivalent, they are more 
likely to be early Pleistocene than late 

Pliocene. 


43. Lake beds in San Carlos 
Basin, Arizona 
(NI 12-8 [Mesa] B-2) 


The one known fossil locality is in the 
valley of the San Carlos River about 3 
miles southeast of San Carlos, inthe San 
Carlos Indian Reservation. Mollusks 
were listed by Feth and Hem (1963: 14). 
The areal distribution of the lake beds 
in the San Carlos Basin was shown 
roughly by Feth and Hem (1963: 5, Fig. 
2). The fauna includes 1 species of 
freshwater snail; a large camel is the 
only other fossil known from the unit. 
Feth and Hem assigned a Pliocene or 
Pleistocene age to the lake beds, thus 
Blancan age is possible. The fossils 
are in USGS collections. Most recent 
topographic map: U.S. Geological Sur- 
vey Mesa quadrangle (1960) 1: 250000. 


Fossil mollusks from lake beds in San 
Carlos Basin 


USGS Cenozoic locality 20237. Graham 
County, Arizona. Mesa quad. (1960) 
1: 250000. NW 1/4 sec. 28, T1S, В 19 
E. Silty limestone in stratigraphic sec- 
tion C of Feth and Hem (1963: 13). J. H. 
Feth, 1951. 

The fossils were listed by Feth and 
Hem (1963) as Physa sp. and Physa cf 
P.anatina Lea. The material consists 
of internal and external molds in lime- 
stone that do not provide evidence for 
recognizing more than one species; it is 
referable to Physa virgata Gould, the 
widespread living species of southern 
California and Arizona. 


44. Red Knolls, Arizona 
(NI 12-11 [Tucson] D-1) 


One locality is known, on the south- 
west side of the Gila River Valley about 
15 miles northwest of Safford. Two 
species of mollusks were reported by 
Knechtel (1938), who included the lo- 
cality in Gila Conglomerate as mapped, 
of Pliocene and Pleistocene age. Heindl 
et al. (1965: 64-65) assigned an early 
Pleistocene age and published a strati- 
graphic section. The fossils should be 
in USGS collections, but have not been 
found. Most recent topographic map: 
U. S. Geological Survey Jackson Moun- 
tain quadrangle (1944) 1: 62500. 


45. Benson local fauna, Arizona 
(NH 12-2 [Nogales] D-2) 


Mollusks of the Benson local fauna 
have not been reported previously. Three 
localities are known, on the west side 
of the San Pedro Valley 2-10 miles south 
of Benson. The fossiliferous unit has 
been named St. David Formation by Gray 
(1965), but not yet described in detail. 
Seventeen species of land and fresh- 
water mollusks are known. Associated 
vertebrates include fishes, amphibians, 
tortoises, lizards, birds and mammals 
(Brodkorb, 1964a; Bryant, 1945; Dawson, 
1958; Etheridge, 1958; Frick, 1933, 1937; 
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Gazin, 1942; Gidley, 1922a, b, 1926; 
Gilmore, 1923, 1928; Hay, 1927; Hibbard, 
1941, 1954; Hoffmeister and Goodpaster, 
1954; Lance, 1960; Osborn, 1936; Pac- 
kard, 1960; Savage, 1955; Schultz, 1937; 
Tihen, 1962; Wetmore, 1924; Wilson, 
1937; Wood, 1935). Composition of the 
fauna, and its contrast with the Irving- 
tonian Curtis Ranch local fauna higher 
in the formation, indicate a late Blan- 
can, early Pleistocene, age. Fossil mol- 
lusks are in UMMZ collections. Most 
recent topographic map: U.S. Geological 
Survey Benson quadrangle (1958) 
1: 62500. 


Mollusks of Benson local fauna 


During study of the stratigraphy and 
sedimentation of early Pleistocene sedi- 
ments in the Benson area, R. S. Gray 
of the University of Arizona collected 
the mollusks listed here. An illustrated 
account of the stratigraphy and fauna is 
in preparation by Gray and Taylor. The 
molluscan fauna is significant because 
it is so similar to the early Pleisto- 
cene assemblages known from the High 
Plains in southwestern Kansas, in spite 
of the geographic distance. This simi- 
larity provides evidence for supposing 
that similar faunas can be found in 
Pleistocene deposits of much of the 
southwest. Another significance of the 
fauna is that it is in general accordance 
with the early Pleistocene age indicated 
by the mammals. No species previously 
restricted to the Pliocene is present, 
but the mollusks in themselves would 
not indicate an early rather than middle 
Pleistocene age. 


Localities 


1. 600 ft east, 1400 ft south, sec. 27, 
T 115, R20 E. 3790 ft elev. 
2. 1900 ft north, 600 ft west, sec. 35, 
T 185, R 20 E. About 3950 ft elev. 
3. 1800 ft north, 900 ft west, sec. 23, 
T 18S, R 20 E. About 3890 ft elev. 


46. Tusker local fauna, Arizona 
(NI 12-2 [Silver City] C-6) 


Two nearby localities are known, in 


TABLE 5. 


Locality occurrence of mollusks 
of Benson local fauna 







Species 


Pisidium casertanum (Poli) 
Fossaria dalli (Baker) 
Lymnaea caperata Say 
Lymnaea cf L. elodes Say x 
Bakerilymnaea bulimoides 
techella (Haldeman) X 
Gyraulus parvus (Say) x 
Promenetus exacuous 
kansasensis (Baker) x 
Promenetus umbilicatellus 
(Cockerell) x 
Physa virgata Gould EX 
Gastrocopta cristata 
(Pilsbry and Vanatta) X IAE 
Gastrocopta tappaniana 
(Adams) 
Pupoides albilabris (Adams) X | X 
Vertigo milium (Gould) 
Vertigo ovata Say 
cf Succinea 
Devocevas aenigma Leonard 
Hawaiia minuscula (Binney) 
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> 
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the Safford Valley 15 miles southeast of 


Safford. Two species of mollusks were 
cited by Seff (1960). The fossiliferous 
unit was called the “111 Ranch beds” by 
Seff and by Heindl and Reed (1965: 
67), who published stratigraphic sec- 
tions. It was included in the Gila Con- 
glomerate by Knechtel (1938), who 
mapped the area in a generalized way. 
Mammals have been recorded by Gazin 
(1936), Knechtel (1938), Lance (1958), 
P. A. Wood (1960) and Downey (1962). 
Diatoms from the area reported by 
Knechtel may be either Irvingtonian or 
Blancan, and are not surely part of the 
Tusker biota. The fauna is dated as 
early Irvingtonian on the basis of its 
composition, and the contrast witha 
Blancan assemblage (Lance, 1958, 1960; 
P. A. Wood, 1960) lower in the same 
depositional sequence. Most recent to- 
pographic map: U. S. Geological Sur- 
vey Silver City quadrangle (1962) 
1: 250000. 

Several names have been used for this 
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assemblage. Lance (1958) and P. A. 
Wood (1960) termed it the “111 Ranch 
fauna”; Lance (1960) called it “Tusker 
Claim”; and Downey (1960) the Tusker 
local fauna. 


47. White Cone local fauna, Arizona 
(NI 12-2 [Flagstaff] C-1) 


The fossils come from the upper mem- 
ber of the Bidahochi Formation at White 
Cone Peak, in the Hopi Indian Reserva- 
tion 50 miles northeast of Winslow. Mol- 
lusks have been listed or described by 
Gregory (1917: 82), Reagan (1932), Wil- 
liams (1936: 130), Hunt (1956: 29) and 
Taylor (1957). Sabels (1962: 102) men- 
tioned mollusks from another locality 
(not specified) in the lower part of the 
formation. The general distribution of 
the formation has been shown on small- 
scale maps by Hack (1942, pl. 1), Re- 
penning and Irwin (1954, Fig. 1) and 
Hunt (1956, Fig. 20), who summarized 
the stratigraphy and discussed regional 
environments ofdeposition. Nine species 
of freshwater mollusks, only 2 surely 
extinct, are known. Associated fossils 
at White Cone include mammals (Stir- 
ton, 1936b; Lance, 1954) and fishes 
(Uyeno and Miller, 1965). An early to 
middle Hemphillian age is assignedhere. 
The fossil mollusks listed by Gregory 
(1917) and Taylor (1957) are in USGS 
collections; others in UMMZ. Most re- 
cent topographic map: U.S. Geological 
Survey Flagstaff quadrangle (1960) 
1: 250000. 


Age of White Cone local fauna 


The White Cone local fauna is pro- 
bably of early to middle Hemphillian age. 
The aplodontid rodent (Lance, 1954) fa- 
vors an age greater than late Hemphil- 
lian. The family is unknown after the 
Hemphillian and is rare in late Hem- 
phillian faunas (Shotwell, 1958: 475). 
This evidence is interpreted as 
weightier than the possible late Hem- 
phillian-early Blancan age of the bea- 
ver Dipoides suggested by Shotwell (1955: 
141). 

Basalt between the upper and lower 


members of the Bidahochi Formation 
yielded a potassium-argon radiogenic 
date of 4.1 million years (Evernden etal., 
1964: 190). Within the known frame- 
work of faunal succession and reliable 
potassium-argon dates 4.1 million years 
is too young for a Hemphillian fauna, 
confirming the suspicions of Evernden 
et al.: “Fine-grain size of plagioclase 
worrisome. Figure obtained should be 
considered as a minimum.” 

The molluscan fauna from White Cone 
Peak is made up primarily of living 
species. Only 2 are extinct, and of 
these Pseudosuccinea dineana is known 
only from White Cone. Lymnaea al- 
biconica is found elsewhere in the Tee- 
winot Formation, Wyoming (Taylor, 
1957), stratigraphically close to Hem- 
phillian mammals and an obsidian sam- 
ple that was dated 9.2 million years 
(Evernden et al., 1964: 185); inthe lower 
to middle Pliocene Starlight and Neeley 
Formations in southeastern Idaho (Carr 
and Trimble, 1963); and in the Claren- 
donian part of the Laverne Formation, 
Oklahoma (Taylor, 1957). This evi- 
dence favors pre-Blancan age. 

The molluscan data that might sub- 
stantiate the possible early Blancan age 
considered by Shotwell (1955) and Evern- 
den et al. (1964) is mostly negative. 
The White Cone local fauna does not 
include the common Hemphillian snails 
Bulimnea or Coretus, nor any of the ex- 
tinct forms found in the Ogallala Forma- 
tion in Kansas (Frye et al., 1956). Blan- 
can assemblages in Arizona from the 
Verde Formation and Benson local fauna 
(Fig. 1, localities 39 and 43) are closely 
Similar to Blancan faunas in the southern 
High Plains. The White Cone mollusks 
might therefore be expected to show 
greater Similarities with these faunas if 
they were of early Blancan age. 


48. Sand Draw local fauna, Nebraska 
(NK 14-5 [O’Neill] C-8) 


The localities are in tributaries 
to Niobrara River, in northern Brown 
County north of Ainsworth. Forty-two 
Species of mollusks have been reported 
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(Taylor, 1960b, and references therein). 
The fossiliferous unit has been described 
roughly, but not named; no geologic 
maps have been published. Associated 


fossils include fishes, reptiles and 
mammals, summarized by Taylor 
(1960b). Previous Nebraskan and 


Aftonian age assignments (Taylor, 1960b; 
Hibbard, 1960) are probably wrong; the 
fauna more likely comes from a time 
of alpine or minor continental glaciation 
that preceded the first major continental 
glaciation. Fossils are inthe collections 
of the Chicago Natural History Museum; 
Illinois State Geological Survey and 
UMMZ. Most recent topographic maps: 
U. S. Geological Survey quadrangles, 
1: 24000: Ainsworth (1954), Ainsworth 
NW (1954), Ainsworth SW (1954), Dutch 
Creek (1950). 


49. Iowa Point, Kansas 
(NJ 15-1 [Kansas City] D-5) 


The locality is on the southwest side 
of the Missouri River, 5 miles north of 
Highland. Mollusks have been reported 
by Frye and Leonard (1952: 55, 151). 
The fossiliferous unit was first included 
in the David City Formation, but Reed 
et al. (1965) considered that it may be 
proglacial gravel related to the Iowa 
Point till, of late Nebraskan age, and 
not David City Formation of early 
Nebraskan age. Eight species of mol- 
lusks are the only fossils reported from 
the locality. Fossils are in the col- 
lections of the University of Kansas. 
Most recent topographic map: U.S. 
Geological Survey Oregon quadrangle 
(1959) 1:24000. 


50. Saw Rock Canyon local fauna, 
Kansas (NJ 14-7 [Dodge City] A-3) 


The one known fossil locality is on 
the south side of the Cimarron River, 
15 miles east of Liberal, Seward County, 


Kansas. Twenty-nine species of 
mollusks were recorded by Taylor 
(1960b). The fossils occur in the XI 


Member of the Rexroad Formation, 
distribution of which was mapped by 
Byrne and McLaughlin (1948). The 


associated fauna of fishes, amphibians, 
reptiles, birds and mammals has been 
summarized most recently by Hibbard 
(1964), who emphasized its transitional 
Hemphillian-Blancan character. Fossils 
are in the collections of the University 
of Kansas and University of Michigan. 
Most recent topographic map: U. $. 
Geological Survey Dodge City quadrangle 
(1959) 1:250000. 


51а. Rexroad local fauna, Kansas 
(NJ 14-7 [Dodge City] A-2, A-3, B-2) 


The fossil localities are in central 
and southwestern Meade County, from 
about 2 to 25 miles southwest of Meade. 
Mollusks were reported by several 
authors prior to the summary by Taylor 
(1960b) and by Miller (1964). The 
fossils are from the upper part of the 
Rexroad Formation, the distribution of 
which in the vicinity of the fossil locali- 
ties has been mapped by Miller (this 
volume), Stevens (in press) and 
Woodburne (1961). The fauna includes 
48 species of mollusks in a total of 
about 170 species of ostracodes, cray- 
fish, mollusks, fishes, amphibians, 
reptiles, birds and mammals. The 
late Pliocene age assigned by Taylor 
(1960a) is maintained here. Fossil 
mollusks are in the collections of the 
University of Kansas and UMMZ. Most 
recent topographic maps: U.S. Geological 
Survey quadrangles: Dodge City (1959) 
1: 250000, Kismet SE (1963) 1: 24000, 
Lake Larrabee (1963) 1: 24000, Missler 
(1963) 1: 24000. 


Rexroad Local Fauna 


So many papers contributing to know- 
ledge of the Rexroad local fauna have 
been published since the last faunal 
summary (Taylor, 1960b) that a revised 
faunal list has been compiled. The 
following references supplement those 
cited in that earlier summary: Auffen- 
berg (1962), Brodkorb (1964a), Collins 
(1964), Dawson (1958), Etheridge (1958, 
1960, 1961), Ford (in press), Gutentag 
and Benson (1962), Hazard (1961), 
Hibbard (1963a, b, 1964), Klingener 
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(1963), B. B. Miller (1964), Packard 
(1960), Patton (1965), Repenning (1962), 
Smith (1962), Stephens (1959), Stevens 
(1965), Tihen (1960, 1962), Tordoff 
(1959), Uyeno and Miller (1963), Webb 
(1965), Woodburne (1961). 


Class Pelecypoda 
Order Schizodonta 
Unionidae 
?Ligumia subrostrata (Say) 
Order Heterodonta 
Sphaeriidae 
Sphaerium cf 5. partumeium (Say) 
Sphaerium sulcatum (Lamarck) 
Pisidium casertanum (Poli) 
Class Gastropoda 
Order Mesogastropoda 
Hydrobiidae 
Marstonia crybetes (Leonard) 
Order Basommatophora 
Carychiidae 
Carychium exiguum (Say) 
Lymnaeidae 
Bakerilymnaea bulimoides techella 
(Haldeman) 
Fossaria dalli (Baker) 
Fossaria obrussa (Say) 
Lymnaea caperata Say 
Lymnaea exilis Lea 
Lymnaea reflexa Say 
Ancylidae 
Ferrissia meekiana (Stimpson) 
Ferrissia parallela (Haldeman) 
Ferrissia rivularis (Say) 
Planorbidae 
Omalodiscus pattersoni (Baker) 
Gyraulus parvus (Say) 
Helisoma anceps (Menke) 
Promenetus exacuous kansasensis 
(Baker) 
Promenetus umbilicatellus (Cocke- 
rell) 
Physidae 
Physa virgata Gould 
Physa cf P. skinneri Taylor 
Order Stylommatophora 
Cionellidae 
Cionella lubrica (Müller) 
Vertiginidae 
Vertigo hibbardi Baker 
Vertigo milium (Gould) 


Chondrinidae 
Gastrocopta armifera (Say) 
Gastrocopta cf G. cristata (Pilsbry 
and Vanatta) 
Gastrocopta franzenae Taylor 
Gastrocopta holzingeri (Sterki) 
Gastrocopta paracristata Franzen 
and Leonard 
Gastrocopta pellucida hordeacella 
(Pilsbry) 
Gastrocopta 
and Leonard 
Gastrocopta tappaniana (Adams) 
Pupillidae 
Pupoides albilabris (Adams) 
Pupoides inornatus Vanatta 
Strobilopsidae 
Strobilops sparsicostata Baker 
Valloniidae 
Vallonia gracilicosta Reinhardt 
Vallonia perspectiva Sterki 
Succineidae 
cf Succinea 
Endodontidae 
Helicodiscus parallelus (Say) 
Helicodiscus singleyanus (Pilsbry) 
Zonitidae 
Hawaiia minuscula (Binney) 
Nesovitrea electrina (Gould) 
Retinella rhoadsi (Pilsbry) 
Retinella wheatleyi (Bland) 
Zonitoides arboreus (Say) 
Limacidae } 
Deroceras aenigma Leonard 
Polygyridae 
Polygyra rexroadensis Taylor 


vexvoadensis Franzen 


Class Crustacea 


Order Decapoda 
Astacidae, indeterminate 
Order Podocopida 
Cytherideidae 
Cyprideis littoralis Brady 


Class Osteichthyes 


Cyprinidae spp. 
Ictaluridae 
Ictalurus benderensis Smith 
Cyprinodontidae 
Fundulus 
Centrarchidae 
cf Ambloplites rupestris (Rafinesque) 
Lepomis cyanellus Rafinesque 
Indeterminate species 
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Class Amphibia 
Order Caudata 
Ambystomatidae 
Ambystoma hibbardi Tihen 
Order Salientia 


Pelobatidae 

Scaphiopus diversus Taylor 
Bufonidae 

Bufo suspectus Tihen 

Bufo cf B. compactilis speciosus 

Girard 

Bufo rexroadensis Tihen 

Ranidae 


Anchylorana moorei Taylor 
Anchylorana dubita Taylor 
Anchylorana robustocondyla Taylor 
Rana fayeae Taylor 
Rana meadensis Taylor 
Rana ephippium Taylor 
Rana vexvoadensis Taylor 
Rana valida Taylor 
Rana parvissima Taylor 
Class Reptilia 
Order Chelonia 
Chelydridae 
Chelydra serpentina (Linnaeus) 
Macroclemys temminckii (Troost) 
Testudinidae 
Geochelone rexroadensis (Oelrich) 
Geochelone riggsi (Hibbard) 
Order Squamata 
Iguanidae 
Sceloporus robustus Twente 
Phrynosoma cornutum (Harlan) 
Anguidae 
Ophisaurus attenuatus Baird 
Teidae 
Cnemidophorus bilobatus Taylor 
Cnemidophovus sexlineatus (Lin- 
naeus) 
Scincidae 
Eumeces striatulatus Taylor 
Colubridae 
Natrix 
Thamnophis 
Heterodon plionasicus Peters 
Class Aves 
Order Podicipediformes 
Podicipedidae 
Podiceps 
Order Ardeiformes 
Plataleidae 


Eudocimus 
Mesembrinibis cayennensis (Gmelin) 
Phimosus infuscatus (Lichtenstein) 
Plegadis gracilis Miller and Bowman 
Plegadis 
Order Anseriformes 
Anatidae 
Nettion bunkeri Wetmore 
Bucephala albeola (Linnaeus) 
Order Accipitriformes 
Vulturidae 
Pliogyps fisheri Tordoff 
Accipitridae 
Buteo 
Order Galliformes 
Phasianidae 
Colinus hibbardi Wetmore 
Agriocharis progenes Brodkorb 
Order Gruiformes 
Rallidae 
Rallus prenticei Wetmore 
Fulica americana Gmelin 
Order Charadriiformes 
Scolopacidae, indeterminate 
Laridae 
Sterna 
Order Columbiformes 
Columbidae 
Zenaidura macroura (Linnaeus) 
Order Strigiformes 
Strigidae 
Otus 
Speotyto 
Asio 
Order Psittaciformes 
Psittacidae, indeterminate 
Order Passeriformes 
Indeterminate 
Class Mammalia 
Order Insectivora 
Soricidae 
Sorex rexroadensis Hibbard 
Sorex taylori Hibbard 
Blarina adamsi Hibbard 
Cryptotis ? meadensis Hibbard 
Paracryptotis rex Hibbard 
Notiosorex jacksoni Hibbard 
Order Chiroptera 
Vespertilionidae 
Lasiurus fossilis Hibbard 
Order Edentata 
Megalonychidae 
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Megalonyx cf M. leptostomus Cope 
Order Rodentia 
Sciuridae 
Paenemarmota barbouri Hibbard and 
Schultz 
Citellus howelli Hibbard 
Citellus rexroadensis Hibbard 
Geomyidae 
Geomys quinnt McGrew 
Nerterogeomys minor (Gidley) 
Heteromyidae 
Perognathus vexvoadensis Hibbard 
Perognathus gidleyi Hibbard 
Perognathus pearlettensis Hibbard 
Prodipodomys rexroadensis Hibbard 
Liomys centralis Hibbard 
Castoridae 
Dipoides vexroadensis Hibbard and 
Riggs 
Procastoroides sweeti Barbour and 
Schultz 
Cricetidae 
Reithrodontomys rexroadensis Hib- 
bard 
Reithrodontomys wetmorei Hibbard 
Peromyscus baumgartneri Hibbard 
Peromyscus kansasensis Hibbard 
Parahodomys quadriplicatus Hibbard 
Bensonomys eliasi (Hibbard) 
Baiomys kolbi Hibbard 
Baiomys rexroadi Hibbard 
Onychomys gidleyi Hibbard 
Sigmodon intermedius Hibbard 
Symmetrodontomys simplicidens 
Hibbard 
Ogmodontomys poaphagus Hibbard 
Pliophenacomys primaevus Hibbard 
Nebraskomys? 
Zapodidae 
Zapus rinkeri Hibbard 
Zapus sandersi rexroadensis Klin- 
gener 
Order Carnivora 
Canidae 
Urocyon progressus Stevens 
Canis lepophagus Johnston 
Canis 
Borophagus diversidens Cope 
Procyonidae 
Bassariscus casei Hibbard 
Bassariscus vexroadensis Hibbard 
Procyon rexroadensis Hibbard 


Mustelidae 
Buisnictis breviramus (Hibbard) 
Trigonictis kansasensis Hibbard 
Martes foxi Hibbard and Riggs 
Mustela rexroadensis Hibbard 
Mustela 
Taxidea taxus (Schreber) 
Spilogale rexroadi Hibbard 
Mephitis ? rexroadensis Hibbard 
Brachyopsigale dubius Hibbard 
Lutra cf L. piscinaria Leidy 
Felidae 
Felis lacustris Gazin 
Felis rexroadensis Stephens 
Machairodontidae 
Machairodus? 
Order Proboscidea 
Gomphotheriidae 
Stegomastodon rexroadensis Wood- 
burne 
Mammutidae 
Mammut adamsi (Hibbard) 
Order Lagomorpha 
Leporidae 
Pratilepus kansasensis Hibbard 
Notolagus lepusculus (Hibbard) 
Hypolagus regalis Hibbard 
Nekrolagus progressus (Hibbard) 
Order Artiodactyla 
Tayassuidae 
Platygonus bicalcaratus Cope 
Camelidae 
Megatylopus cochrani (Hibbard and 
Riggs) 
Titanotylopus spatulus (Cope) 
Tanupolama blancoensis Meade 
Cervidae 
Odocoileus brachyodontus Oelrich 
Antilocapridae, indeterminate 
Order Perissodactyla 
Equidae 
Nannippus phlegon (Hay) 
Plesippus simplicidens (Cope) 


Localities 


Topographic maps of most of Meade 
County have become available only re- 
cently. They now permit precise lo- 
cality descriptions, given below not only 
for mollusk localities but for all fossil 
localities of the Rexroad local fauna 
shown on these maps. 
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TABLE 6. Locality occurrence of mollusks of Rexroad local fauna 


REE 
x 


Species 


? Ligumia subrostrata 
Sphaerium cf S. partumeium 
Sphaerium sulcatum 
Pisidium casertanum 
Marstonia crybetes 
Carychium exiguum 
Bakerilymnaea bulimoides techella 
Fossaria dalli 

Fossaria obrussa 
Lymnaea caperata 
Lymnaea exilis 

Lymnaea reflexa 
Ferrissia meekiana 
Ferrissia parallela 
Ferrissia rivularis 
Omalodiscus pattersoni 
Gyraulus parvus 

Helisoma anceps 
Promenetus exacuous kansasensis 
Promenetus umbilicatellus 
Physa virgata 

Physa cf P. skinneri 
Cionella lubrica 

Vertigo hibbardi 

Vertigo milium 
Gastrocopta armifera 
Gastrocopta cf G. cristata 
Gastrocopta franzenae 
Gastrocopta holzingeri 
Gastrocopta paracristata 
Gastrocopta pellucida hordeacella 
Gastrocopta rexroadensis 
Gastrocopta tappaniana 
Pupoides albilabris 
Pupoides inornatus 
Strobilops sparsicostata 
Vallonia gracilicosta 
Vallonia perspectiva 

cf Succinea 

Helicodiscus parallelus 
Helicodiscus singleyanus 
Hawatia minuscula 
Nesovitrea electrina 
Retinella rhoadsi 

Retinella wheatleyi 
Zonitoides arboreus 
Deroceyas aenigma 
Polygyra rexroadensis 
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1. Missler quadrangle (1963) 1: 24000, 
2200 ft west, 875 ft south, sec. 18, T 32 
S, R 28 W. Exposure on the south side 
of Hart Draw, where the Rexroad For- 
mation is overlain with erosional un- 
conformity by Ballard Formation. San- 
ders local fauna locality 1 is in super- 
position about 500 ft to the southwest. 
Locality 1 of Taylor (1960a: 29); shown 
as R loc. 1 on the map by Miller (this 
volume); University of Kansas Meade 
County locality 25. For measured stra- 
tigraphic section see Hibbard (1956: 
150). 

2. Missler quadrangle (1963) 1: 24000, 
1950 ft west, 100 ft south, sec. 24, T 32 
S, В 29 W. Exposure on the south 
Side of Spring Creek, east of the mouth 
of an unnamed tributary. Sanders local 
fauna localities 2 and 3, in the Ballard 
Formation, are in superposition about 
3/4 mile to the southwest. Locality 2 
of Taylor (1960a: 29); shown as R loc. 
2 on the map by Miller (this volume). 

3. Lake Larrabee quadrangle (1963) 
1: 24000, 1300 ft east, 400 ft north, sec. 
4, T 33 S, R 29 W. Exposure in cut 
bank on the northeast side of an unnamed 
tributary to Stump Arroyo (not Stumpie 
Arroyo proper, as shown on map) where 
the Rexroad Formation is overlain with 
erosional unconformity by the Ballard 
Formation. 

4. Lake Larrabee quadrangle (1963) 
1: 24000, 2500 ft east, 1400 ft north, sec. 
9, Т 33 5, В 29 W. Exposure in tri- 
butary of Stump Arroyo, high in Rex- 
road Formation close beneath unconfor- 
mably overlying Ballard Formation. 

5. Lake Larrabee quadrangle (1963) 
1: 24000, 1750 ft west, 1150 ft north, 
sec. 10, T 33 S, R 29 W. Exposure on 
south side of mouth of tributary toStump 
Arroyo (not Stumpie Arroyo proper, as 
shown on map). Paenemarmota, Uni- 
versity of Michigan Museum of Pale- 
ontology 47886. 

6. Lake Larrabee quadrangle (1963) 
1: 24000, 1900 ft west, 50 ft north, sec. 
10, Т 335, В 29 W. Exposure in minor 
gulch northwest of artesian spring-fed 
pond in Meade County State Park. Mol- 
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lusks were collected by a University of 
Michigan Museum of Paleontology field 
party in 1962, and are reported for the 
first time herein. 

7. Lake Larrabee quadrangle (1963) 
1: 24000, 2100 ft west, 1500 ft north, 
sec. 16, T 33 S, R 29 W. Exposure in 
tributary of Stump Arroyo downstream 
from farm road, where Rexroad For- 
mation is overlain with erosional un- 
conformity by Ballard Formation. Mol- 
lusks were reported from this locality 
by Miller (1964), who assigned them to 
the Bender local fauna. Whether one 
places them in the Bender or Rexroad, 
there are several downward extensions 
in known stratigraphic range. Fewer 
Species are added to the Rexroad than 
to the Bender local fauna, and the only 
stratigraphically restricted species, 
Vertigo hibbardi, is known from several 
Rexroad localities but not from the Ben- 
der local fauna. These faunal data 
Slightly favor a Rexroad rather than 
Bender correlation. 

8. Lake Larrabee quadrangle (1963) 
1: 24000, 1700 ft east, 1050 ft south, 
sec. 22, T 33 5, В 29 W. University of 
Kansas Meade County locality 2. Shown 
as locality 2 on the map by Woodburne 
(1961). 

9. Lake Larrabee quadrangle (1963) 
1: 24000, 1650 ft east, 1350 ft south, 
sec. 22, T 33 S, R 29 W. University 
of Kansas Meade County locality 2a. 
Shown as locality 2a on the map by 
Woodburne (1961). 

10. Lake Larrabee quadrangle (1963) 
1: 24000, 1000 ft east, 1600-2000 ft north 
sec. 22, T 33 S, R 29 W. Exposure in 
cut bank on east side of tributary to 
Stump Arroyo, where the Rexroad For- 
mation is deeply channeled by the over- 
lying Ballard Formation. This is the 
deposit of an ancient artesian spring, 
from which the vertebrates of “Rexroad 
locality 3” have come. Locality 3 of 
Taylor (1960a: 29) in part; University of 
Kansas Meade County locality 3, in part; 
shown as locality 3 on the map by Wood- 
burne (1961). For measured strati- 
graphic section see Woodburne (1961: 
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66). 

11. Lake Larrabee quadrangle (1963) 
1: 24000, 900 ft east, 1300 ft north, sec. 
22, T 33 S, R 29 W. Fossils from a 
shelly lens in the Rexroad Formation, 
now covered by the east side of the sandy 
bed of a tributary of Stump Arroyo. 
Locality 3 of Taylor (1960a: 29) in part; 
University of Kansas Meade County lo- 
cality 3, in part; USGS Cenozoic locality 
21171. All mollusks recorded from 
“Rexroad locality 3” are from this site. 

12. Lake Larrabee quadrangle (1963) 
1: 24000, 900 ft east, 200 ft north, sec. 
33, T 33 5, В 29 W. Exposure on Shorts 
Creek. University of Michigan Museum 
of Paleontology locality UM-K3-53; 
shown as locality K3 on the map by 
Woodburne (1961). For measured sec- 
tion see Woodburne (1961: 64). 

13. Kismet SE quadrangle (1963) 1: 
24000, 200 ft east, 900 ft north, sec. 34, 
T 34 S, R 30 W. Exposure in bottom 
of Keefe Canyon, illustrated by Hibbard 
(1950, pl. 4). University of Kansas 
Meade County locality 22. 

14. Kismet SE quadrangle (1963) 1: 
24000, 2000 ft west, 2550 ft south, sec. 
35, T 34 S, R 30 W. Exposure in bluff 
on south side of tributary to Fox Can- 
yon, illustrated by Hibbard (1950, pl. 5). 
Locality 4a of Taylor (1960a: 29); Uni- 
versity of Michigan Museum of Paleon- 
tology locality UM-K1-47. 

15. Kismet SE quadrangle (1963) 1: 
24000, 1500 ft west, 2500 ft south, sec. 
35, T 34 S, R 30 W. Exposure in cut 
bank on east side of Fox Canyon. Lo- 
cality 4b of Taylor (1960a: 29). 

16. Kismet SE quadrangle (1963) 1: 
24000, 1500 ft west, 1900 ft north, sec. 
35, T 34 S, R 30 W. Exposure in cut 
bank on east side of Fox Canyon. Some 
of the mollusks reported by Franzenand 
Leonard (1947), Frye and Leonard (1952) 
and Leonard (1952) came from a len- 
ticular body of clay formerly exposed 
300 ft downstream from the preceding 
locality, according to C. W. Hibbard. 
The species listed from locality 4b 
(Taylor, 1960b: 29, Table 11) on the 
basis of literature records rather than 


specimens were not found in University 
of Michigan collections from locality 15, 
and hence probably came from locality 
16. 

17. Kismet SE quadrangle (1963) 1: 
24000, 1750 ft west, 2250 ft north, sec. 
7, T 35 S, R 30 W. Exposure in cut 
bank of minor tributary to canyon be- 
tween Wolf Canyon and Gas Well Canyon. 


516. Bender local fauna, Kansas 
(NJ 14-7 [Dodge City] A-2, 3, B-2) 


The two known localities are in Meade 
County, 11 miles southwest of Meade; 
and in Seward County on the south side 
of the Cimarron River, 15 miles east of 
Liberal. Twenty-one species of mollusks 
were listed by Taylor (1960b and herein). 
They are from the uppermost Rexroad 
Formation, above a massive caliche bed. 
The formation in the vicinity of the 
fossil localities has been mapped by 
Byrne and McLaughlin (1948), Miller 
(this volume), Stevens (in press) and 
Woodburne (1961). No other associated 
fossils are known. The late Pliocene 
age assigned by Taylor (1960) is main- 
tained here. Fossils are in UMMZ col- 
lections. Most recenttopographic maps: 
U. S. Geological Survey Dodge City 
quadrangle (1959) 1: 250000; and Lake 
Larrabee and Missler quadrangles (1963) 
1: 24000. 


Localities 


Revised locality descriptions for Ben- 
der locality 1 follow. All are in sec. 
22 T 33 S, R "29 W., LakerTarrabee 
quadrangle (1963) 1: 24000. 

la. 2150 ft east, 950 ft north. Dark 
bed on south side of wash. 

1b. 2600 ft east, 1000 ft north. East 
side of wash, immediately below Angell 
Gravel Member of Ballard Formation. 

lc. 2650 ft west, 200 ft north. South- 
west side of wash. 


Additional mollusks from Bender local 
fauna 


Bender locality 3. Meade County, Kan- 
sas. Missler quadrangle (1963) 1: 24000. 
2400 ft west, 900 ft south, sec. 18, T 32 
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S, R 28 W. Fossils from southeast 
side of the mouth of a gully tributary to 
Hart Draw, in the Rexroad Formation 
above thick caliche. Rexroad local 
fauna locality 1 is 200 ft east; Sanders 
local fauna locality 1 is about 300 ft 
to the southwest. С. W. Hibbard et al., 
1957. 

The following list of species includes 
only 1 form (Gyraulus parvus) that is 
surely an addition to the faunal list 
published by Taylor (1960b). The fauna 
is not characteristic enough to indicate 
whether it is closely correlative with 
Bender locality 1, or whether it might 
be somewhat younger. 

Lymnaeidae 

Bakerilymnaea bulimoides techella 
(Haldeman) 

Fossaria dalli (Baker) 

Lymnaea reflexa Say? 

Planorbidae 

Gyraulus parvus (Say) 

Promenetus umbilicatellus (Cocke- 
rell) 

Physidae 

Physa virgata Gould 
Vertiginidae 
Vertigo milium (Gould) 
Chondrinidae 
Gastrocopta cristata (Pilsbry and 
Vanatta) 
Gastrocopta tappaniana (Adams) 

Pupillidae 

Pupoides albilabris (Adams) 

Succineidae 

cf Succinea 
Zonitidae 

Hawaiia minuscula (Binney) 
Limacidae 

Deroceras aenigma Leonard 


dlc. Spring Creek local fauna, Kansas 
(NJ 14-7 [Dodge City] B-2) 


The one known locality is on the Big 
Springs Ranch, about 6 miles west of 
Meade, Meade County, Kansas. Berry 
and Miller (this volume, p 263) record 
16 species of mollusks. The fossils 
occur in the Missler Silt Member of the 
Ballard Formation, the local distribution 
of which was mapped by Miller (this 
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volume, p 200). Only one associated 
mammal is known. The fauna is from 
the interval prior to the first major 
continental glaciation but later than an 
alpine or limited continental glaciation. 
Fossils are in UMMZ collections. Most 
recent topographic map: U.S. Geological 
Survey Missler quadrangle (1963) 
1: 24000. 


51d. Deer Park local fauna, Kansas 
(NJ 14-7 [Dodge City] A-2) 


The one known locality is in Meade 
County State Park, 10 miles southwest 
of Meade. A slug is the single mollusk 
known; associated fossils include rep- 
tiles, birds and mammals (Taylor, 
1960b). The fossils are from the Mis- 
sler Silt Member of the Ballard Forma- 
tion, in deposits of a former artesian 
spring. The Aftonian age previously 
assigned is probably wrong. The fauna 
seems to be older than the first major 
continental glaciation of North America, 
during which the Nebraskan till was 
deposited, but younger than an episode 
of climatic cooling associated with al- 
pine or limited continental glaciation. 
Fossil mollusks are in UMMZ collec- 
tions; fossil vertebrates in the Univer- 
sity of Kansas and University of Michi- 
gan. 

The fossil locality is shown on the U.S. 
Geological Survey Lake Larrabee quad- 
rangle (1963) 1: 24000, 2500 ft west, 
800-900 ft north, sec. 15, T 33 S, R 29 
W. (University of Kansas Meade County 
locality 1). 


Sle. Sanders local fauna, Kansas 
(NJ 14-7 [Dodge City] A-2) 


The 3 known fossil localities are on 
the Big Springs Ranch, Meade County, 
about 4-6 miles southwest of Meade. 
Twenty-three species of mollusks were 
recorded by Taylor (1960b). The fos- 
sils are from the Missler Silt Member 
of the Ballard Formation, the local dis- 
tribution of which has been mapped by 
Miller (this volume, p 200). Associa- 
ted fossils included amphibians, birds 
and mammals. References subsequent 
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to those cited by Taylor (1960b) include 
Harrell (1960) and Klingener (1963). The 
late Aftonian age assigned previously 
is probably wrong. The fauna seems 
to be older than the first major conti- 
nental glaciation of North America, 
during which the Nebraskan till was 
deposited, but younger than an episode 
of climatic cooling associated with al- 
pine or limited continental glaciation. 
Fossils are in the collections of the 
Universtiy of Michigan. Most recent 
topographic maps: U. S. Geological 
Survey Lake Larrabee and Missler 
quadrangles (1963) 1: 24000. 


Localities 


Revised locality descriptions are as 
follows: 

1. Missler quadrangle (1963) 1: 24000, 
2650 ft east, 1150 ft south, and 2550 
ft east, 1250 ft south, sec. 18, T 325, 
R 29 W. Exposure on southeast side 
of tributary to Hart Draw, where Bal- 
lard Formation overlies Rexroad For- 
mation with erosional unconformity. Lo- 
cality 1 of Taylor (1960b: 40); Univer- 
sity of Michigan Museum of Paleontology 
locality UM-K1-53, shown on map by 
Miller (this volume, p 195). For mea- 
sured section see Hibbard (1956: 150). 

2. Lake Larrabee quadrangle (1963) 
1: 24000, 650 ft west, 1500 ft north, 
sec. 23, T 32 S, R 29 W. Graysilt 
exposed on southeast side of tributary 
to Spring Creek. Locality 2 of-Taylor 
(1960b: 40); University of Michigan Mu- 
seum of Paleontology locality UM-K2-53, 
in part. 

3. Lake Larrabee quadrangle (1963) 
1: 24000, 1400 ft west, 1250ft north, sec. 
23, T 32 S, R 29W. Gray silt exposed 
on southeast side of tributary to Spring 
Creek. Locality 3 of Taylor (1960b: 40); 
University of Michigan Museum of Pa- 
leontology locality UM-K2-53, in part. 
For measured section see Hibbard (1956: 
151). 


92a. Dixon local fauna, Kansas 
(NJ 14-8 [Pratt] C-1, NJ 14-9 
[Wichita] B-8) 


The 2 known localities are in King- 


man County, Kansas, south and southeast 
of Kingman. Forty-eight species of mol- 
lusks have been reported (Taylor, 1960b, 
and references therein). The fossili- 
ferous unit has been described and 
mapped by Lane (1960) as Holdredge 
and Fullerton Formations, undifferen- 
tiated. Associated fossils include am- 
phibians, birds and mammals (Harrell, 
1960; Taylor, 1960b and references 
therein). The previous age assignment 
of latest Nebraskan or earliest Aftonian 
is probably wrong; the fauna more likely 
comes from shortly after a time of al- 
pine or minor continental glaciation that 
preceded the first major continental 
glaciation. Fossils are in the col- 
lections of the University of Kansas 
and University of Michigan. Most re- 
cent topographic maps: U. S. Geologi- 
cal Survey quadrangles, 1: 250000: Pratt 
(1959), Wichita (1959). 


52b. Swingle locality, Kansas 
(NJ 14-8 [Pratt] B-2) 


The one known locality is in the 
southwestern part of Kingman County 
18 miles southwest of Kingman. Twenty- 
two species of mollusks were reported 
by Lane (1960), who mapped the fossili- 
ferous unit as Holdredge and Fullerton 
Formations, undifferentiated. Asso- 
ciated fossils (Hibbard, 1958a) include 
3 species of rodents and 1 shrew. The 
Aftonian age assigned previously is pro- 
bably wrong; the fauna more likely comes 
from an interval after alpine or minor 
continental glaciation but before the first 
major continental glaciation. Fossils 
are in the collections of the University 
of Michigan. Most recent topographic 
map: U. 5. Geological Survey Pratt 
quadrangle (1959) 1: 250000. 


53. Buis Ranch local fauna, Oklahoma 
(NJ 14-10 [Perryton] D-2) 


The 2 known localities are on the 
south side of the Cimarron River, 15 
miles northeast of Beaver City, Beaver 
County, Oklahoma. Taylor (1960b) re- 
corded 5 species of mollusks. The fos- 
sils are from the Ogallala Formation. 
Associated vertebrates include amphi- 
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bians, reptiles and mammals; references 
subsequent to those cited by Taylor 
(1960b) include Hazard (1961) and Hib- 
bard (1963c). The late Hemphillian age 
assigned by Taylor (1960b) is main- 
tained here. Fossils are in the col- 
lections of the University of Michigan. 
Most recent topographic map:  U. S. 
Geological Survey Perryton quadrangle 
(1958) 1: 250000. 


54. Red Corral local fauna, Texas 
(NI 13-3 [Tucumcari] C-2) 


The 1 published fossil locality is in 
northern Oldham County, 10 miles south- 
west of Channing. Eighteen species of 
mollusks have been reported (Taylor, 
1960b). The fossiliferous unit is un- 
named, and no stratigraphic data or 
geologic maps have been published. Most 
of the rich vertebrate fauna is undes- 
cribed; 2 genera of mammals were cited 
by Taylor (1960b). The late Pliocene 
age assigned previously is maintained 
here. Fossil mollusks are in UMMZ 
collections; mammals in the UCMP and 
Frick Laboratory, American Museum of 
Natural History. Most recent topo- 
graphic map: Army MapService Tucum- 
cari quadrangle (1958) 1: 250000. 


55. Whitefish Creek, Texas 
(NI 14-1 [Amarillo] A-3) 


Fossil mollusks collected by M. F. 
Skinner in the drainage of Whitefish 
Creek, Donley County, Texas, are thought 
by him to be of probably Pliocene age 
on the basis of local stratigraphy; a 
Blancan age is assigned on the basis 
of the mollusks. Fossils are in UMMZ 
collections. Most recent topographic 
map: U. S. Geological Survey Spencer 
Lake quadrangle (1949) 1: 24000. 


Mollusks from Whitefish Creek 


USGS Cenozoic locality 22112. Don- 
ley County, Texas. Spencer Lake quad- 
rangle (1959) 1: 24000. West side of 
Whitefish Creek, on divide with drain- 
age to west, at elevation of about 2480 
ft near top of hill VABM 2499; M. F. 
Skinner, 1959. 
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Lymnaeidae 
Lymnaea (Stagnicola) 
Planorbidae 
Gyraulus parvus (Say) 
Planorbella (Pierosoma) 
Promenetus exacuous kansasensis 
(Baker) 
Physidae 
Physa (s.s.) cf P. skinneri Taylor 
Physa (Physella) 
Succineidae 
Oxyloma 
This small assemblage is probably 
Blancan or post-Blancan; hence if Plio- 
cene, it is late Pliocene. 


56. Blanco local fauna, Texas 
(NI 14-7 [Lubbock] D-6) 


The mollusks and most of the verte- 
brates come from a group of localities 
north of Crawfish Draw, about 2 miles 
west of its mouth. Mollusks have not 
been recorded previously; the verte- 
brate fauna and its extensive literature 
have been summarized by Meade (1945), 
Hibbard (1950: 136-137), Johnston and 
Savage (1955) and Oelrich (1957: 228- 
229). The fossiliferous unit is Blanco 
Formation, of which no detailed maphas 
been published. The fauna includes 11 
mollusks, 1 tortoise, a bird and 18 
Species of mammals. The age is approxi- 
mately that of an interval of alpine or 
continental glaciation older than the first 
major continental glaciation of the cen- 
tral United States. Fossil mollusks are 
in UMMZ collections. Most recent topo- 
graphic map: U. S. Geological Survey 
Lubbock quadrangle (1954) 1: 25000. 


Fossil mollusks of Blanco local fauna 


Crosby County, Texas. On the map 
published by Meade (1945, Fig. 1) 1400 
ft SW of Mt. Blanco, halfway between 
localities 4 and 10. W. W. Dalquest, 
1964-1965. 

Lymnaeidae 

Bakerilymnaea bulimoides techella 
(Haldeman) 
Lymnaea caperata Say 
Lymnaea reflexa Say 
Ancylidae 
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Ferrissia 

Planorbidae 
Gyraulus parvus (Say) 
Planorbella trivolvis (Say) 

Physidae 

Physa (Physella) 

Chondrinidae 

Gastrocopta procera (Gould) 
Succineidae 
cf Succinea 
Zonitidae 
Hawaiia minuscula (Binney) 
Zonitoides arboreus (Say) 

Only 2 of these species, the Lymnaeas, 
are south of their present range and 
hence suggest that summer extremes of 
heat and drought were formerly less. 
The Ferrissia is characteristic of a pe- 
rennial water body, but the other aqua- 
tic species might have lived in a stream 
or lake that dried up substantially in 
summer. 

All the species are still extant, and 
hence without associated mammals no 
precise age could be assigned. Planor- 
bella trivolvis and Gastrocopta procera 
are unknown from Pliocene faunas. Their 
occurrence lends slight support to the 
early Pleistocene age assigned on the 
basis of the mammals, particularly if 
the inferred phylogeny of G. procera 
(Taylor, 1960b) be correct. Correla- 
tive faunas in southwestern Kansas are 
the Sanders, Dixon and Deer Park, but 
no more precise correlation of the known 
Blanco fauna is possible. 

In spite of their meager contribution 
to understanding the local environment, 
these fossil mollusks are scientifically 
significant in showing that they can pro- 
vide some valid basis for correlation 
Over a wide region. Even with no as- 
sociated mammals the assemblage would 
surely be called Pleistocene, for it has 
no extinct species and 2 forms unknown 
before the Pleistocene. Thus the mol- 
luscan evidence accords with that of the 
mammals, and both emphasize how mis- 
guided was application of the term “Blan- 
co Formation” in Kansas by Frye and 
Leonard (1952). 


57. “Unit A”, Florida 
(NG 17-2 [Fort Pierce] A-3, B-2, B-3, 
NG 17-5 [West Palm Beach] B-4, C-3, 
C-6, D-3, D-6) 


Several localities in southern Florida 
have deposits representing a major mar- 
ine transgression younger than the Ca- 
loosahatachee Formation. This younger 
formation has not been described or 
named previously, but Olsson (in Olsson 
and Petit, 1964) briefly mentioned its sig- 
nificance in regional geologic history and 
listed some of the marine fossils. He con- 
sidered it probably of late Pliocene age, 
but possibly early Pleistocene. Nonmar- 
ine mollusks occur either mixed with 
marine species, or as strictly nonmarine 
associations. Druid Wilson, U. $. G.S., 
is preparing a summary of the strati- 
graphy and paleontology; fossils are in 
USGS collections. Most recent topo- 
graphic maps: U. S. Geological Survey 
quadrangles, 1: 24000, Fort Pierce SW 
(1953), Goodno (1958), Okeechobee i NE 
(1953), Okeechobee 4 NE (1953), Sears 
(1958); and West Palm Beach quadrangle 
(1963) 1: 250000. 


Fossil nonmarine mollusks from “unit 
А” 


The available collections were mostly 
made by Druid Wilson, on whose field ex- 
perience andlaboratory study ofthe mar- 
ine fossils the stratigraphic data rest. 
Collections were made in place at onlya 
few sites, but these have served to con- 
firm the horizon of other collections 
made from the spoil heaps of artificial 
excavations. The joint occurrence of 
absolutely and locally extinct species, 
and of some unknownfrom older or youn- 
ger horizons, indicate a distinctive fauna 
valuable for future stratigraphic studies. 

Only the larger or more Significant 
species have been studied in detail. The 
Hydrobiidae and some land snails have 
been omitted in the notes and faunal 
list. The following notes indicate the 
stratigraphic significance of some ofthe 
Species, and provide varying amounts of 
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taxonomic information. 

The nonmarine molluscan fauna of 
“unit A” taken collectively is distin- 
guished by first appearances, last ap- 
pearances and both locally and abso- 
lutely extinct forms. These are as 
follows: 

Extinct; restricted to “unit A”: 

Planorbella wilsoni Taylor, sp. n. 

Extinct; appearing last in “unit A”: 

Stenophysa meigsii (Dall) 
Planorbella conanti (Dall) 
Extinct; appearing first in “unit A”: 
Planorbella aff P. disstoni (Dall) 
Locally extinct; living only outside of 
Florida: 
Pomacea flagellata innexa (Crosse 
and Fischer) 
Bulimulus dealbatus (Say) 
Living Floridian species appearing 
first in “unit A”: 
Pomacea paludosa (Say) 


Systematic discussion 


Family Viviparidae 
Subfamily Viviparinae 
Viviparus Montfort, 1810 


Viviparus georgianus (Lea), 1837 
Plate 7, Fig. 3 


This species is accepted here in the 
sense of Goodrich (1942). Its nomen- 
clature has been discussed by Morri- 
son (1953) and Pilsbry (1953b). Clench 
(1962) gave more precise data on the 
type locality of the species, but his dis- 
tribution map is based on a broader 
definition of the species. In the nar- 
rower sense V. georgianus is found only 
from southern Georgia to central 
Florida. Both in Viviparus and the re- 
lated genus Tulotoma, a relatively nar- 
row conchological definition of species 
is favoredby different chromosome num- 
bers (Patterson, 1965). Viviparus geor- 
gianus differs in this way from V. con- 
tectoides, both considered a single spe- 
cies by Clench (1962). 

Dall (1890-1903) recorded the species 
from the Caloosahatchee Formation. 


Family Pilidae (-Ampullariidae) 
Pomacea Perry, 1810 


Pain (1956) discussed the priority 
of Pomacea over the name Ampullarius, 
used by some authors such as Wenz 
(1938-1944). 


Pomacea flagellata innexa (Crosse and 
Fischer), 1890 
Plate 7, Figs. 6, 9, 10 


1890 Ampullaria innexa: Crosse and 
Fischer, J. Conchyl. , 38: 111. 

1890 Ampullaria innexa, Crosse et 
Fischer: Fischer and Crosse, Miss. 
Sci. Mex., Rech. zool., 7(2): 242, pl. 
44, fig. 7-7c. 

1932 “Ampullaria hopetonensis Lea”: 
Tucker and Wilson, Proc. Indiana Acad. 
Sci. , 41: 356 (list). 


Specimens from USGS locality 22038 
were recorded by Tucker and Wilson as 
Ampullaria hopetonensis (a synonym of 
Pomacea paludosa, the common living 
Species of Georgia and Florida). A 
later collection is now reidentified with 
a Central American form. The shells 
differ obviously from those of the Flori- 
dian species by their relatively smaller 
aperture, higher spire and smaller size. 

Comparison was made with collec- 
tions in the USNM identified by J. C. 
Bequaert. Specimens of this form came 
from 11 localities, distributed from 
southeastern Mexico (states Oaxaca, Ta- 
basco and Vera Cruz) to northern Gua- 
temala (Alta Vera Paz). 


Pomacea paludosa (Say), 1829 
Plate 7, Fig. 8 


1932 Ampullaria depressa Say: Tucker 
and Wilson, Proc. Indiana Acad. Sci., 
41: 356 (list). 


This common living species of Flo- 
rida and southern Georgiaisrepresented 
at many localities in “unit A”. Col- 
lections made in recent years from the 
Caloosahatchee Formation have not 


108 D. W. TAYLOR 





ЕС. 1. 


FIG. 2. 


FIG. 3. 


FIGS. 4-5. 


FIGS. 6,10. 


FIG. 7. 


FIG. 8. 


Ее. 9. 


BLANCAN NONMARINE MOLLUSKS 109 


PLATE 7 


Stenophysa nicavaguana (Morelet), X 1.5. Figured specimen, USNM 510900. Swamp 
near Moyogalpa, Ometepe Island, Nicaragua; B. Shimek, 1893. 


Stenophysa meigsii (Dall), X 1.5. Figured specimen, USNM 644826. USGS locality 
23698, “unit A”, Ortona Lock, Florida. 


Viviparus georgianus (Lea), X 1.5. Figured specimens, USNM 644827. USGS 
locality 21861, “unit A”, Belle Glade, Palm Beach Co. , Florida. 


Bulimulus dealbatus (Say), X 2. Figured specimens, USNM 644828 and 644832. 
USGS locality 21861, “unit A”, Belle Glade, Palm Beach Co. , Florida. 


Pomacea flagellata innexa (Crosse and Fischer), X 2. Figured specimens, USNM 
644829. USGS locality 22040, “unit A”, St. Lucie Canal, Martin Co. , Florida. 


Euglandina rosea (Férussac), X 1. Figured specimen, USNM 644830. USGS local- 
ity 22704, “unit A”, Belle Glade, Palm Beach Co. , Florida. 


Pomacea paludosa (Say), X 1.5. Figured specimen, USNM 644831. USGS locality 
22805, “unit A”, Canal C-24, St. Lucie Co. , Florida. 


Pomacea flagellata innexa (Crosse and Fischer), X 2. Figured specimen, USNM 
60460. Near San Juan Guichiconi, Isthmus of Tehuantepec. J. Sumichrast, 1869. 
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yielded any specimens of this genus or 
species, despite the large size of the 
shells and the thorough collecting in the 
formation. The report of Ampullaria 
hopetonensis (=Pomacea paludosa) inthe 
Caloosahatchee Formation by Dall (1890- 
1903) is probably based on shells that 
came from a higher stratigraphic posi- 
tion. Possibly Pomacea paludosa has 
extended its range into central Florida 
only in relatively late geologic time. 


Family Pleuroceridae 
Elimia H. and A. Adams, 1854 


Usage of this name for most of the 
genus Goniobasis in the broader, tradi- 
tional sense follows H. B. Baker (1963c). 


Elimia catenaria effosa (Smith), 1938 


1938 Goniobasis effosa n. sp.: Smith, 
Nautilus, 51: 91 (Belle Glade, Florida). 
1953 Goniobasis catenaria effosa M. 
Smith: Pilsbry, Mon. Acad. Nat. Sci. 
Phila. , 8: 445, pl. 65, fig. 3. 


Druid Wilson (personal communica- 
tion, 1964) considered that this form 
might possibly be from strata equivalent 
to “unit A”. His own collections have 
not revealed it, and its precise strati- 
graphic range remains uncertain. 


Family Physidae 
Stenophysa von Martens, 1898 


The group Stenophysa, of tropical 
America, has previously been ranked 
as a subgenus of Aplexa but is here 
treated as a Separate genus. Shells 
of Stenophysa differ from those of Ap- 
lexa hypnorum (Linnaeus), the genotype, 
by having an aperture more than half 
the total shell length, and by a simple, 
acute apex. The parietal callus is often 
wider, in species with a mantle broadly 
reflected over the shell. Aplexa hyp- 
norum has an aperture less than half 
of the total shell length, a narrow parie- 
tal callus correlated with an unreflected 
mantle, anda frequently bulbous, spirally 
sculptured apex. The bulbous apex is 
commonly but not uniformly obvious at 
low magnifications in the many series of 


North American specimens seen. It is 
due to the deviation of the axis of 
coiling of the protoconch from the axis 
of the mature shell, so that the first 
whorl may bulge over the second. This 
character has not been seen in any 
group of Physa or Stenophysa. It is 
probably a vestige of heterostrophy, a 
character of all marine Euthyneura and 
one that probably occurred in the an- 
cestors of all freshwater Basommato- 
phora. 

This division of Aplexa into the two 
genera Aplexa and Stenophysa leavesthe 
circumboreal genus Aplexa with only one 
species as generally classified, A. hyp- 
norum (Linnaeus). The tropical genus 
Stenophysa ranges northward in North 
America to México, with the outlying 
localized Stenophysa  microstriata 
(Chamberlin and Berry, 1930) in southern 
Utah. Aplexa approaches the range of 
Stenophysa most nearly in Colorado and 
Utah. 

As emphasized by Harry and Hubendick 
(1964), little anatomical information is 
available on Physidae. Possibly Steno- 
bhysa is composite, and will need to be 
subdivided later. The characters of the 
apex are similar in Stenophysa and 
Physa (Physella), and both groups over- 
lap in geographic distribution and shell 
form. They are likely to prove more 
closely related to each other than either 
is to Physa (s. $.) or to Aplexa. 


Stenophysa meigsii (Dall), 1890 
Plate 7, Fig. 2 


1890 Physa meigsii п. s.: Dall, Trans. 
Wagner Free Inst. Sci. , 3(1): 22, pl. 10, 
To 12: 


Dall explicitly compared Stenophysa 
meigsii with the large tropical species 
of Mexico and Guatemala, concluding 
“that they have little incommon”. Never- 
theless the additional material now avail- 
able indicates close similarities, and $. 
meigsii is interpreted as an extinct 
tropical element, significant both strati- 
graphically and ecologically. 

Compared with living large species of 
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Stenophysa, 5. meigsii sharesthe com- 
mon features of large size; acute apex; 
a parietal callus more extensive than in 
Physa (Physella); and sculpture that 
frequently includes low, axial white rib- 
lets spaced almost regularly with inter- 
Spaces 3-5 times as wide. An espe- 
cially significant character is the wide 
parietal callus that extends directly 
ventrad from the suture a short dis- 
tance before turning anteriorly. This 
callus is thin and frequently broken 
away in fossil specimens. A lot of re- 
cent Stenophysa nicaraguana (Morelet) 
(USNM 510900, Pl. 7, Fig. 1) from a 
swamp near Moyogalpa, Ometepe Island, 
Nicaragua, collected by Bohumil Shimek 
in 1893 provides the closest approach 
to 5. meigsii in USNM collections. S. 
meigsii differs by its usually more elon- 
gate and flatter-sided spire, with conse- 
quently more fusiform shape, and by the 
usually more pronounced sculpture. 
Most of the recent specimens are glossy, 
some without spiral sculpture, but the 
S. meigsii type of sculpture occurs. 

Large species of Stenophysa, of the 
type of S. aurantia (Carpenter), S. nica- 
тагиапа (Morelet) and S. princeps (Phi- 
lippi), are represented in USNM and 
UMMZ collections from Nicaragua and 
Guatemala north to Mazatlan on the west 
coast of México and to Tampico on the 
east coast of México. It is to this 
group of living species that 5. meigsiz 
belongs. 

The holotype of Stenophysa meigsii 
(Dall), USNM 112561, is from USGS lo- 
cality 2094, a collection from both sides 
of the Caloosahatchee River at Four 
Mile Hammock between Fort Thompson 
and Deneaud, W. H. Dall coll., 1887. 
The locality is in strata assigned to the 
Caloosahatchee Formation. The occur- 
rence in “unit A” is the last known re- 
cord of the species; it is represented in 
Florida in both the Caloosahatchee 
Formation and in Miocene deposits 
for which Olsson (in Olsson and Petit, 
1964) suggested the name “Pincrest 
beds”. 
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Family Planorbidae 
Subfamily Helisomatinae 
Planorbella Haldeman, 1842 
Subgenus Seminolina Pilsbry, 1934 


As established by Pilsbry this sub- 
genus is endemic to Florida, and in- 
cludes 2 species-groups: the group of 
Planorbella scalaris (Jay), including only 
that species; and the group of Planor- 
bella duryi (Wetherby), including that 
Species with several races as well as 
the extinct P. conanti (Dall, 1890) and 
P. disstoni (Dall, 1890). Undescribed 
USGS collections show that this latter 
Species-group was in Florida as long 
ago as the late Miocene. Harry and 
Hubendick (1964) suggested that P. fo- 
vealis (Menke) and other Caribbean spe- 
cies that are nomenclatorially older may 
prove to be based upon artificial intro- 
ductions of P. duryi. 


Planorbella (Seminolina) aff 
P. disstoni (Dall) 
Plate 8, Figs. 10-15 


The most common planorbid in “unit 
A” is obviously related to Planorbella 
disstoni (Dall) of the Caloosahatchee 
Formation. Extensive series from both 
units show that the younger form is 
generally larger, and often propor- 
tionally wider in the axis of coiling. The 
sunken spire is like that of P. dis- 
stoni, and unlike that of living forms of 
the P. duryi group. Probably these 
collections represent a new species, 
descended from P. disstoni, belonging 
to an extinct lineage of Seminolina. For- 
mal description would be unwise without 
more thorough study of the group than 
is practicable now. 


Planorbella (Seminolina) wilsoni3 
Taylor, n. sp. 
Plate 8, Figs. 7-9 


Diagnosis. A Seminolina of the duryi- 
group, distinguished by large size and 


3Named for Druid Wilson, U. S. Geological 
Survey, Washington, D. C. 
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relatively great axial width (about 25 x 
25 mm), flat left side, funicular right 
side, and moderately rapidly enlarging 
whorls. 

Type. USNM 644835. USGS Cenozoic 
locality 22704, “unit A”, Belle Glade, 
Palm Beach County, Florida. Float 
from road metal pit on south side of 
state highway 80 west of town, collected 
by Druid Wilson, January, 1962, when the 
pit was being dug to a depth of 40 ft 
from the former depth of about 30 ft. 

Discussion and comparisons. Only 3 
Specimens of this new species are known, 
but the abundant material of the asso- 
ciated species shows considerable varia- 
tion without overlapping Р. wilsoni. As 
shown by the illustrations (Pl. 8) of re- 
lated species, P. wilsoni combines cha- 
racters of otherwise distinct forms. In 
height of spire and shape of the left 
side it is intermediate between the 
higher-spired P. duryi seminole (Pl. 8, 
Figs. 5-6) and the lower-spired P. aff 
P. disstoni (Pl. 8, Figs.12, 15) which 
has a concave left side. In rate of en- 
largement of whorls it is closer to P. 
duryi seminole (Pl. 8, Fig. 4) than to Р. 
aff P. disstoni (Pl. 8, Figs. 10,13). 
In the funicular right side it is closer 
to the more loosely coiled specimens of 
P. aff P. disstoni (Pl. 8, Fig. 11) than 
to the narrowly phaneromphalous P. 
duryi seminole (Pl. 8. Figs.5-6). The 
larger specimens of P. wilsonihave about 
twice the bulk of large P. duryi seminole, 
and are thus similar to P. aff P. dis- 


stoni. 

Measurements. The type is the only 
well-preserved one of the 3known speci- 
mens. In the following table, measure- 
ments that are estimated from broken 
specimens are in parentheses. 


22704(Type) | 22704 | 21861 
5 4 3/4 
BESSER 


Subgenus Pierosoma Dall, 1905 










Locality 













No. whorls 











Length aperture 






Width aperture 





The widespread American subgenus 
Pierosoma is represented in Florida 
today by P. trivolvis intertexta (Pils- 
bry, 1934a). No collections surely from 
the Caloosahatchee Formation or “unit 
A” contain it. As isthe case with Po- 
macea paludosa, the Recent distribution 
in much of Florida of the Planorbella 
trivolvis group is geologically young, 
judging by the available fossil record. 


Planorbella (Pierosoma) 
clewistonensis (Baker) 
Plate 8, Figs. 1-3 


1940 Helisoma clewistonense Sp. nov.: 
Baker, Nautilus, 54: 17, pl. 1, fig. 8. 


Baker described this species from 


Planorbella (Pierosoma) clewistonensis (Е. С. Baker), X 3. Type, USNM 515222. 


Figured specimens, 


USGS locality 21861, “unit A”, Belle Glade, Palm 


Type, USNM 644835. 


USGS locality 22704, “unit A”, Belle Glade, Palm Beach County, Florida. 


PLATE 8 
FIGS. 1-3. 
Clewiston, Florida; “unit A”? 
FIGS. 4-6. Planorbella (Seminolina) duryi seminole (Pilsbry), X 3. 
USNM 644833 and 644834. 
Beach County, Florida. 
FIGS. 7-9. Planorbella (Seminolina) wilsoni Taylor, п. sp., X 2. 
FIGS. 10-15. 


Planorbella (Seminolina) aff P. disstoni (Dall). Figured specimens, USGS locality 


21861, “unit A”, Belle Glade, Palm Beach County, Florida. Figs. 10-12, USNM 


644836, X 2. 


Figs. 13-15, USNM 644837, X 1.5. 
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the vague locality “Clewiston, Florida, 
in Pliocene strata”. It has not been 
collected subsequently, but is discussed 
here since it may be of Blancan age. 

The opinion of Baker that P. clewis- 
tonensis is close to P. tenuis chapal- 
ensis (Pilsbry) from Mexico is reaf- 
firmed. A morerecently described form 
is even more similar, however: P. 
valens (Leonard and Franzen, 1944) from 
the lower Pliocene Laverne Formation, 
Oklahoma. The significant similarities 
between P. valens (represented by large 
series in the UMMZ) and P. clewiston- 
ensis (known only by the type speci- 
men) are in the relatively rapid en- 
largement of whorls, narrowly funicular 
right side, narrow, concave left side and 
oblique aperture. In both of these species 
the left side is plane for only the first 
whorl; during subsequent growth the 
axial height of the whorls increases 
rapidly so that the left side of the shell 
is narrowly, deeply concave. In P. 
tenuis chapalensis as represented in 
UMMZ and USNM collections the first 
2-2 1/4 whorls are plane on the left 
side; that side of the shell is broadly 
and shallowly concave, and may have 
raised spiral lines absent in P. clewis- 
tonensis. 


Family Bulimulidae 
Bulimulus Leach, 1815 
Subgenus Rabdotus Albers, 1850 
Bulimulus (Rabdotus) dealbatus (Say) 
Plate 7, Figs. 4-5 


1946 Bulimulus dealbatus (Say): Pilsbry, 
Mon. Acad. nat. Sci. Phila. , 3(2): 7, fig. 
4a-d. 


This land snail now lives from Texas 
eastward to southern Illinois and 
Alabama. It is relatively conspicuous, 
so that the apparent absence from Flo- 
rida is probably real. The fossils from 
“unit A” are larger than Recent speci- 
mens in USNM collections from east of 
the Mississippi River, but agree in size 
and shape with those from Oklahoma and 
Texas. One of the fossils retains the 
color pattern in the shell typical of 


dealbatus. 


Family Helminthoglyptidae 
Cepolis Montfort, 1810 
Cepolis (s. s.) caroli McGinty 


1940 Cepolis сатой, new species: Mc- 
Ginty, Nautilus, 53:81, pl. 10; 92. 6, 
ба. 


Druid Wilson (personal communi- 
cation, 1964) considered that this spe- 
cies might possibly be from strata equi- 
valent to “unit A”. It has not been col- 
lected since the original description. 
According to McGinty (fide Wilson) there 
were no other mollusks associated with 
the unique type of the species. The genus 
is otherwise known only from Hispaniola. 


Mollusks described by Clench (1925) 
and Marshall (1926) 


Nonmarine mollusks collected by M. 
D. Barber from spoil of canal excava- 
tions at West Palm Beach, Florida, 
were described as Pliocene or Pleisto- 
cene fossils by Clench (1925) and Mar- 
shall (1926). Druid Wilson suspected 
that these “fossils” were actually shells 
of the snails living in the canal at the 
time it was dredged, from the relatively 
fresh appearance of the specimens. This 
interpretation is also more consistent 
with the known fossils recordin Florida. 
The species and their present classifi- 
cation are as follows: 

Planorbella (Seminolina) duryi pre- 
glabrata (Marshall). Ranked as a valid 
form of P. duryi by Pilsbry (1934a). 

Physa (Physella) barberi Clench 

Oxyloma barberi (Marshall). This 
Species was originally described in the 
lymnaeid group Pseudosuccinea. After 
examining the type lot, H. A. Rehder 
(personal communication, 1964) con- 
curred that the nameisa senior synonym 
of Oxyloma sanibelensis (Rehder, 1933). 
One of the localities cited by Pilsbry 
(1948: 793) for the latter is “in marl 
dredged from channel to Lake Worth, 
through Boynton, Palm Beach County,” 
Florida. This geographically nearby site 
might also represent a similar occur- 
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TABLE 7. Occurrence by locality of mollusks in “unit A” 


Localities 


Rangia cuneata (Gray) 
Viviparus georgianus (Lea) 
Pomacea paludosa (Say) 
P. flagellata innexa 
(Fischer and Crosse) 
Physa 
Stenophysa meigsii (Dall) 
Planorbella aff P. disstoni 
(Dall) 
P. conanti (Dall) 
P. duryi seminole (Pilsbry) 
P. wilsoni Taylor, n. sp. 
Gyraulus parvus (Say) 
Laevapex 
Gastrocopta pentodon (Say) 
G. rupicola (Say) 
Vertigo 
Strobilops texasiana 
Jloridana Pilsbry 
cf Succinea 
Euglandina vosea 
(F érussac) 
Bulimulus dealbatus (Say) 
Polygyra 

















rence. Lymnaea aperta Marshall (1926) 
is based upon a shorter-spired, broader 
specimen of this same Oxyloma. It is 
strikingly similar to the holotype of O. 
sanibelensis as figured by Rehder (1933) 
and republished by Pilsbry (1948). 


Localities 


Locality numbers in the following list 
are those of the USGS Cenozoic series. 

21861. Palm Beach County, Florida. 
Float from road metal pit on south side 
of state highway 80 west of Belle Glade. 
Freshwater mollusk bed said by drag- 
line operator to be beneath “hardpan” 
at top of section. Druid Wilson, 1958. 

22038. Martin County, Florida. Float 
from spoil banks on both sides of St. 
Lucie Canal in vicinity of Port Mayaca. 
Druid Wilson, 1938, 1940. 

22039. Martin County, Florida. Float 
from spoil banks on south side of St. 








23698 


























Lucie Canal at eastern boundary of Port 
Mayaca. Druid Wilson, 1938. 

22040. Martin County, Florida. Float 
from spoil bank on south side of St. 
Lucie Canal, about 2.5 miles east of Port 
Mayaca on state highway 76 opposite 
cemetery. Druid Wilson, 1953. 

22704. Same locality as 21861, but 
pit being deepened from former depth 
of about 30 ft to about 40 ft. Druid 
Wilson, 1962. 

22801. St. Lucie County, Florida. 
Fort Pierce SW  quadrangle (1953) 
1: 24000. N 1/2 sec. 24, T36S, В 38 E. 
Float from spoil bank on south side of 
canal C-24 (Rim Ditch), about 6.2 miles 
down canal from state highway 70. Druid 
Wilson, 1962. 

22803. St. Lucie County, Florida. 
About 7.6-7.8 miles down canal C-24 
(Rim Ditch) from state highway 70. Druid 
Wilson, 1962. 


116 D. W. TAYLOR 


22804. St. Lucie County, Florida. 
Fort Pierce SW quadrangle (1953) 1: 
24000. NE 1/4 sec. 19, T 36S, В 39 E. 
Northeast side of canal C-24 (RimDitch) 
about 1.3 miles northwest of Florida 
East Coast Railroad. Druid Wilson, 
1962. 

22805. St. Lucie County, Florida. 
Fort Pierce SW quadrangle (1953) 1: 
24000. NE 1/4 sec. 29, T 36S, В 39 E. 
Southwest side of canal C-24 (Rim Ditch) 
about 0.1 mile northwest of Florida East 
Coast Railroad. Druid Wilson, 1962. 

22806. St. Lucie County, Florida. 
Fort Pierce SW quadrangle (1953) 1: 
24000. Northeast side of canal C-24 
(Rim Ditch) just southeast of Florida 
East Coast Railroad. Druid Wilson, 
1962. 

22810. St. Lucie County, Florida. 
Okeechobee 1 NE quadrangle (1953) 1: 
24000. Е 1/2 sec. 5, T 36 S, R 38 Е. 
West side of canal C-24 (Rim Ditch) 
about 0.7-0.8 mile north of state high- 
way 70. Druid Wilson, 1962. 

22843. St. Lucie County, Florida. 
Okeechobee 4 NE quadrangle (1953) 1: 
24000. Sec. 36, T 37 5, R 37 E. Float 
from spoil bank on west side of canal 
C-23 about 0.5 mile north of Florida 
East Coast Railroad. Druid Wilson, 1962. 

22844. St. Lucie County, Florida. 
Canal C-23 about 0.7 mile north of 
Florida East Coast Railroad. Druid 
Wilson, 1962. 

22845. St. Lucie County, Florida. 
Canal C-23 about 1.8 miles north of 
Florida East Coast Railroad at secondary 
Side canal. Druid Wilson, 1962. 

22846. St. Lucie County, Florida. 
Canal C-23 about 2.4 miles north of 
Florida East Coast Railroad. Druid 
Wilson, 1962. 

22850. St. Lucie County, Florida. 
Canal C-23 about 6.1 miles north of 
Florida East Coast Railroad just south 
of fence apparently on line between T 36 
S and T 37 S. Druid Wilson, 1962. 

23135. Palm Beach County, Florida. 
Float from spoil bank on west side of 
Miami Canal about 9.2-9.3 miles north 
of Pump No. 8 at Palm Beach-Broward 


County line. Druid Wilson, 1962. 

23670. Hendry County, Florida. Sears 
quadrangle (1958) 1: 24000. SE 1/4 
NW 1/4 sec. 18, Т 43 $, В 29Е. Float 
from road-metal pits about 100 yards 
south of state highway 80. The float 
consists primarily of marine shells but 
a bed of Planorbidae is visible locally 
at water-level. Druid Wilson, 1964, 1965. 

23675. Glades County, Florida. Or- 
tona Lock. South bank of Caloosahat- 
chee Canal about 0.2 mile west of Atlan- 
tic Coast Line Railroad bridge in vici- 
nity of turn in canal; thin marl bed with 
abundant Planorbidae. Druid Wilson, 
1964. 

23698. Glades County, Florida. Or- 
tona Lock. North bank of Caloosahat- 
chee Canal west of Atlantic Coast Line 
Railroad bridge some distance east of 
west end of “cutoff” of old partially filled 
river channel; locally unindurated fresh- 
water limestone. Druid Wilson, 1964. 


MOLLUSKS DESCRIBED FROM 
BLANCAN TYPES 


The following catalogue includes all 
nominal species whose types come from 
localities shown on Fig. 1 and sum- 
marized in the preceding text. Geo- 
graphic and stratigraphic locality data 
have been revised as far as possible. 
Quotation marks around a generic name 
indicated that the species is known or 
suspected not to belong to that genus. 
The classification is mainly that by Mo- 
dell (1964), Taylor and Sohl (1962), Wenz 
(1938-1944) and Zilch (1959-1960). 

Data given for the type and type lo- 
cality of each nominal species are as 
follows: 

Reference to original description 

15-minute quadrangle, according to 

the system of designation shown in 
Fig. 12. 

County and state 

Geographic locality 

Formation and/or faunal horizon, and 

reference to map(Fig. 1) 

Location of type 

Synonymy 
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Types in CAS, SU, UMMZ USNM and 
University of Utah collections have been 
examined personally. Others are cited 
from the original publications, or the 
catalogues by H. B. Baker (1964) and 
Leonard (1957). 


PELECYPODA 
MARGARITIFERIDAE 
Pseudodontinae 

Gonidea 


Gonidea coalingensis Arnold (1910). 
NI 10-3 [San Luis Obispo] D-1. Kings 
County, California. USGS locality 4739, 
ЗЕ 1/4 sec. 10, T 23S,R17E. Basal 
part of Tulare Formation, Kreyenhagen 
Hills (Fig. 1, locality 17). Type USNM 
165521. 

Gonidea coalingensis var. cooperiAr- 
nold (1910). Arnold stated this variety 
was associated with the typical form at 
some localities, but designated no type 
or type locality. =G. coalingensis Ar- 
nold. 

Margaritana subangulata Cooper 
(1894a). About NJ 10-12 [Santa Cruz] 
A-1. Fresno or Kings County, Cali- 
fornia. Basal part of Tulare Formation, 
Kettleman Hills, probably North Dome 
(Fig. 1, locality 18). Type formerly in 
CAS, now destroyed. Preoccupied in 
Gonidea by Anodonta angulata var. sub- 


angulata Hemphill (1891). =G. coalin- 
gensis Arnold. 
UNIONIDAE 
Anodontinae 
Anodonta 
Anodonta kettlemanensis Arnold 
(1910). NJ 10-12 [Santa Cruz] A-1. 


Kings County, California. USGS locality 
4731, NW 1/4 NE 1/4 sec. 35, T 218, 
R. 17 E. Basal part of Tulare Forma- 
tion, Kettleman Hills (Fig. 1, locality 
18). Type USNM 165522. 


SPHAERUDAE 
Sphaeriinae 
Sphaerium 


Sphaerium cooperi Arnold (1910). NJ 


10-12 [Santa Cruz] A-1. Fresno County, 
California. USGS locality 4732, SW 1/4 


315 Ki 


NE 1/4 sec. 30, T 21S,R17E. Basal 
part of Tulare Formation, Kettleman 
Hills (Fig. 1, locality 18). Type USNM 
165528. =S. striatinum (Lamarck). 

Sphaerium cynodon Hanna (1923). NJ 
10-5 [Santa Rosa] B-3. Sonoma County, 
California. CAS locality 417, Willow 
Brook 1 mile southeast of Penngrove, 
sec. 9, T 5 N, R 7 W, unsurveyed. 
Petaluma Formation (Fig. 1, locality 
10). Type CAS 514. 

Sphaerium idahoense Meek (1870). 
About NK 11-5 [Jordan Valley] D-2. 
Owyhee County, Idaho. Castle Creek. 
Basal part of Glenns Ferry Formation 
(Fig. 1, locality 34). Type USNM 12520. 

Sphaerium  kettlemanense Arnold 
(1910). NJ 10-12 [Santa Cruz] A-1. 
Kings County, California. USGS lo- 
cality 4731, NW 1/4 NE 1/4 sec. 35, 
T 21 S, R17 E. Basal part of Tulare 
Formation, Kettleman Hills (Fig. 1, lo- 
cality 18). Type USNM 165519. 

Sphaerium meeki Dall (1924b). About 
NK 11-5 [Jordan Valley] D-2. Owyhee 
County, Idaho. Castle Creek. Basal 
part of Glenns Ferry Formation (Fig. 
1, locality 34). Type USNM 333521. 
=S. idahoense Meek. 

Cytherea parvula Hall (1845). NK 
11-6 [Twin Falls] D-5. Elmore County, 
Idaho. NW 1/4 sec. 28, T6S, R 11 E. 
Glenns Ferry Formation (Fig. 1, locality 
34). Type lost. Species unrecogniz- 
able. 

Pisidiinae 

Pisidium (Rivulina) (note 1, p 127) 

Pisidium curvatum Hanna (1923). NJ 
10-5 [Santa Rosa] B-3. Sonoma County, 
California. CAS locality 417, Willow 
Brook 1 mile southeast of Penngrove, 
sec. 9, T 5 N, В 7 М, unsurveyed. 
Petaluma Formation (Fig. 1, locality 
10). Type CAS 515. Preoccupied by 
Pisidium compressum curvatum Sterki 
(1916). =Pisidium compressum Prime. 

Pisidium exiguum Yen (1944). NK 
11-6 [Twin Falls] D-6. Elmore or Owy- 
hee County, Idaho. Near Hammett. 
Glenns Ferry Formation (Fig. 1, locality 
34). Type CAS 8275. Preoccupied by 
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Pisidium  abortivum exiguum Sterki 
(1916). =Pisidium woodringi Yen (1945). 

Pisidium compressum braecompres- 
sum Pilsbry (1935). NJ 10-12 [Santa 
Cruz] A-1. Fresno County, California. 
2000 ft west, 600 ft south, sec. 30, T 21 
S, R17 E. Basal part of Tulare Forma- 
tion, Kettleman Hills (Fig. 1, locality 
18). Type ANSP 12942. =P. supinum 
Schmidt. 

Pisidium woodringi Yen (1945). New 
name for P. exiguum Yen (1944), not 
Sterki (1916). 


MACTRIDAE 
Rangia 


Rangia lecontei (Conrad, 1853). NI 
11-9 [Salton Sea] A-7 or A-8. Imperial 
County, California. Brawley Formation, 
in northwestern part of T 135, R 12 E, 
or northern edge of Superstition Hills, 
т 135. вм E (Pig’-1, locality’ 26): 
Type in ANSP?; not in USNM. 


GASTROPODA 
PROSOBRANCHIA 
PAYETTIIDAE (note 2, p 127) 
Payettia 


Payettia dallii (C. A. White, 1882). 
NK 11-6 [Twin Falls] D-6. Owyhee 
County, Idaho. S1/2 sec. 1, T6S,R8 
E. Glenns Ferry Formation (Fig. 1, lo- 
cality 34). Type USNM 11547. 

“Payettia” micra Yen (1947). NK 
12-7 [Brigham City] D-1. Box Elder 
County, Utah. USGS locality 20093, 
SE 1/4 sec. 16, T 13 М, R2W. Cache 
Valley Formation (Fig. 1, locality 37). 
Type USNM 560002. 


VALVATIDAE 
Valvata 


Valvata calli Hannibal (1910). NK 
10-6 [Klamath Falls] D-3 or D-4. Lake 
County, Oregon. Summer Lake basin 
(Fig. 1, locality 4). Type SU 472. 

Valvata humeralis densestriata Pils- 
bry (1934b). NJ 10-12 [Santa Cruz]B-1. 
Fresno County, California. Boston Land 
Company well “С”, sec. 27, 19 $, В 
18 Е, depth 772-792 ft. Upper part of 
Tulare Formation, within or immediately 


above Corcoran Clay Member (Fig. 1, 
locality 16). Type ANSP 12955a. 

Valvata incerta Yen (1947). NK 12-7 
[Brigham City] D-1. Box Elder County, 
Utah. USGS locality 20093, SE 1/4 
sec. 16, T 13 N, R 2W. Cache Valley 
Formation (Fig. 1, locality 37). Type 
USNM 559994. 

Valvata oregonensis Hanna (1922). NK 
11-4 [Adel] C-7 or C-8. Lake County, 
Oregon. Warner Lake basin (Fig. 1, 
locality 6). Type University of Oregon 
19. =V. whitei Hannibal. 

Valvata virens platyceps Pilsbry 
(1935). NI 11-1 [Bakersfield] D-8. 
Kings County, California. USGS locality 
12843, 1700 ft north, 410 ft west, sec. 
28, T 23 5, В 19 E. Basal part of Tu- 
lare Formation, Kettleman Hills (Fig.1, 
locality 18). Type USNM 495197. 

Valvata whitei Hannibal (1910). NK 
10-6 [Klamath Falls] D-3 or D-4. Lake 
County, Oregon. Summer Lake. basin 


(Fig. 1, locality 4). Type SU 473. 
Aphanotylus 
“Aphanotylus” whitei Dall (1924b). 


About NK 11-5 [Jordan Valley] D-2. 
Owyhee County, Idaho. Castle Creek. 
Basal part of Glenns Ferry Formation 
(Fig. 1, locality 34). Type USNM 333528. 


ORYGOCERATIDAE 
Orygoceras 


Orygoceras arcuatum Dall (1924b). 
About NK 11-5 [Jordan Valley] D-2. 
Owyhee County, Idaho. Castle Creek. 
Basal part of Glenns Ferry Formation 
(Fig. 1, locality 34). Type not found in 
USNM. 

Orygoceras crenulatum Dall (1924b). 
About NK 11-5 [Jordan Valley] D-2. 
Owyhee County, Idaho. Castle Creek. 
Basal part of Glenns Ferry Formation 
(Fig. 1, locality 34). Type not found in 
USNM. 

Orygoceras idahoense Dall (1924b). 
About NK 11-5 [Jordan Valley] D-2. 
Owyhee County, Idaho. Castle Creek. 
Basal part of Glenns Ferry Formation 
(Fig. 1, locality 34). Type not found in 
USNM. 
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Orygoceras tricarinatum Yen (1944). 
NK 11-6 [Twin Falls] D-6. Elmore or 
Owhyee County, Idaho. Near Hammett. 
Glenns Ferry Formation (Fig. 1, locality 
34). Туре CAS 8265. =0. arcuatum 
Dall (1924b). 

Orygoceras tuba Dall (1924b). About 
NK 11-5 [Jordan Valley] D-2. Owyhee 
County, Idaho. Castle Creek. Basal 
part of Glenns Ferry Formation (Fig. 1, 
locality 34). Type not found in USNM. 


PLIOPHOLYGIDAE (note 3, p 128) 
Pliopholyx 


Pliopholyx campbelli (Dall, 1924b). 
NK 11-6 [Twin Falls] D-5. Elmore 
County, Idaho. USGS locality 3486, 50- 
100 ft south, 1350-1700 ft east, sec. 14, 
T 5S, В 10Е. Glenns Ferry Formation 
(Fig. 1, locality 34). Type USNM 333527. 

Pliopholyx idahoensis Yen (1944). 
NK 11-6 [Twin Falls] D-6. Elmore or 
Owyhee County, Idaho. Near Hammett. 
Glenns Ferry Formation (Fig. 1, locality 
34). Type CAS 8271. 

Pliopholyx veesidei Yen (1947). NK 
12-7 [Brigham City] D-1. Box Elder 
County, Utah. USGS locality 20093, SE 
1/41 sec. 16, ‘T° 13 № R-2:W. Cache 
Valley Formation (Fig. 1, locality 37). 
Type USNM 560008. 


DELAVAYIDAE (note 4, p 128) 
Anculopsis 


Anculopsis bicarinata Yen (1947). NK 
12-7 [Brigham City] D-1. Box Elder 
County, Utah. USGS locality 20093, 
ЗЕ 1/4 sec. 16, Т 13N, R2W. Cache 
Valley Formation (Fig. 1, locality 37). 
Type USNM 560000. 

Anculopsis houghterlingi Yen (1947). 
NK 12-7 [Brigham City] D-1. Box Elder 
County, Utah. USGS locality 20093, 
ЗЕ 1/4 sec. 16, T 13 М, R2W. Cache 
Valley Formation (Fig. 1, locality 37). 
Type USNM 560001. 

Anculopsis utahensis (Yen, 1947). NK 
12-7 [Brigham City] D-1. Box Elder 
County, Utah. USGS locality 20093, 
SE 1/4 sec. 16, T 13N, R2W. Cache 
Valley Formation (Fig. 1, locality 37). 
Type USNM 559999. 


PLEUROCERIDAE 
Elimia 


Elimia catenaria effosa (M. Smith, 
1938). NG 17-5 [West Palm Beach] 


C-3. Palm Beach County, Florida. 

Belle Glade. “Unit A”? (Fig. 1, lo- 

cality 57). Location of type unknown. 
Juga 


Juga arnoldiana (Pilsbry, 1934b). NJ 
10-12 [Santa Cruz] A-1. FresnoCounty, 
California. 2000 ft west, 600 ft south, 
sec. 30, T 21 S, R17 E. Basal part 
of Tulare Formation, Kettleman Hills 
(Fig. 1, locality 18). Type ANSP 12949a. 

Juga chrysopylica Taylor, new name. 
NJ 10-5 [Santa Rosa] B-3. Sonoma 
County, California. CAS locality 417, 
Willow Brook 1 mile southeast of Penn- 
grove, sec. 9, T5 М, ВТУ, unsurveyed. 
Petaluma Formation (Fig. 1, locality 
10). Type CAS 513. New name for 
Goniobasis vodeoensis (Clark) in the 
sense of Hanna (1923); Clark’s type 
being referred to the Potamididae. 

Juga kettlemanensis (Arnold, 1910). 
NI 11-1 [Bakersfield] D-8. KernCounty, 
California. USGS locality 4715, sec. 10, 
T 25 S, В 19 E. Upper part of San 
Joaquin Formation, Kettleman Hills (Fig. 
1, locality 18). Type USNM 165501. 

Juga kettlemanensis woodringi (Pils- 
bry, 19345). NI 11-1 [Bakersfield] 
D-8. Kings County, California. USGS 
locality 12683, 1980 ft south, 1960 ft 
east, sec. 17, Т 23 S, В 19 E. Basal 
part of Tulare Formation, Kettleman 
Hills (Fig. 1, locality 18). Type USNM 
495244. 


“Melania” (note 5, p 130) 


“Melania” taylori Gabb (1866). NK 
11-2 [Boise] B-3. Canyon or Owyhee 
County, Idaho. Near Walters Ferry, 
N 1/2 sec. 17, T1S, R2W. Glenns 
Ferry Formation (Fig. 1, locality 34). 
Type lost? 

“Melania” taylori var. calkinsi (Dall, 
1924b). NK 11-6 [Twin Falls] D-6. 
Elmore County, Idaho. One mile west 
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of Slick Bridge, SE 1/4 sec. 26, T 5S, 
R 9 E. Glenns Ferry Formation (Fig. 1, 
locality 34). =“M.” taylori (Gabb). Type 
USNM 333526. 

Melania decursa Conrad (1871). About 
NK 11-5 [Jordan Valley] D-2. Owyhee 
County, Idaho. Probably Castle Creek. 
Basal part of Glenns Ferry Formation 
(Fig. 1, locality 34). Type lost?; not in 
USNM. =“Melania” taylori (Gabb, 1866). 

Turritella bilineata Hall (1845). NK 
11-6 [Twin Falls | D-5. Elmore County, 
Idaho. NW 1/4 sec. 28, T6S, R 11 E. 
Glenns Ferry Formation (Fig. 1, locality 
34). Type lost. Preoccupied by Turri- 
tella bilineata von Dechen, in De La 
Beche (1832). =“Melania” taylori Gabb 


(1866). 
HYDROBIDAE 
Hydrobiinae 
“Amnicola” 
“Amnicola” bithynoides Yen (1944). 


NK 11-6 [Twin Falls] D-6. Elmore or 
Owyhee County, Idaho. Near Hammett. 
Glenns Ferry Formation (Fig. 1, locality 
34). Type CAS 8253. 


Calipyrgula 


Calipyrgula carinifera Pilsbry 
(1934b). NJ 10-12 [Santa Cruz] A-1. 
Kings County, California. USGS locality 
12479, 370 ft south, 2080 ft west, sec. 
35, T 215, R 17 E. Basal part of Tulare 
Formation, Kettleman Hills (Fig. 1, lo- 
cality 17). Type USNM 495214. 

Calipyrgula  ellipsostoma Pilsbry 
(1934b). About NJ 10-12 [Santa Cruz] 
А-1. Fresno or Kings County, Cali- 
fornia. Geographic locality unknown. 
Basal part of Tulare Formation, Kettle- 
man Hills (Fig. 1, locality 18). Type 
ANSP 12946a. 

Calipyrgula stewartiana  Pilsbry 
(1935). NI 11-1 [Bakersfield] D-8. 
Kings County, California. USGS locality 
13254, 1690 ft south, 1870 ft east, sec. 
17, T 235, В 19 E. Basal part of Ти- 
lare Formation, Kettleman Hills (Fig. 
1, locality 18). Type USNM 495218. 


“Hydrobia” 
“Hydrobia” andersoni (Arnold, 1910). 


NJ 10-12 [Santa Cruz] A-1. Fresno 
County, California. USGS locality 4732, 
SW 1/4 NE 1/4 sec. 30, T 21S, R17E. 
Basal part of Tulare Formation, Kettle- 
man Hills (Fig. 1, locality 18). Type 
USNM 165505. 

“Hydrobia” birkhauseri Pilsbry 
(1935). NJ 10-12 [Santa Cruz] A-1. 
Kings County, California. 2500 ft east, 
1000 ft south, sec. 6, T 225, R18 E. 
Basal part of Tulare Formation, Kettle- 
man Hills (Fig. 1, locality 18). Type 
ANSP 12920a. 

Paludestrina curta Arnold (1903). NI 
11-7 [Long Beach] C-2. Los Angeles 
County, California. Bluffs along water- 
front (now destroyed), centralSan Pedro. 
San Pedro Sand (Fig. 1, locality 24). Type 
USNM 162542. =“Hydrobia” imitator 
(Pilsbry, 1899). 

Amnicola hannai Pilsbry (1934b). NJ 
10-12 [Santa Cruz] A-1. Kings County, 
California. 2500 ft east, 1000 ft south, 
sec. 6, T 22 S, R 18 E. Basal part of 
Tulare Formation, Kettleman Hills (Fig. 
1, locality 18). Type ANSP 12922a. =Hy- 
drobia” andersoni (Arnold, 1910) ac- 
cording to Pilsbry (1935). 

“Hydrobia” margaretana Hanna and 
Gester (1963). NK 10-9 [Alturas] D-8. 
Siskiyou County, California. CAS lo- 
cality 34807, SW 1/4 sec. 4, T 47 М, 
R 1 E. Butte Valley (Fig. 1, locality 
2). Type CAS 12472. 

“Hydrobia” andersoni var. sterea 
Pilsbry (1935). NJ 10-12 [Santa Cruz] 
A-1. Kings County, California. 2500 
ft east, 1000 ft south, sec. 6, T 225, 
В 18 Е. Basal part of Tulare Forma- 
tion, Kettleman Hills (Fig. 1, locality 
18). Type ANSP 12929a. 


Marstonia 


Marstonia crybetes (Leonard, 1952). 
NJ 14-7 [Dodge City] A-3. Seward 
County, Kansas. Near center of west line 
sec. 36, T 34S, R 31 W. Saw Rock Can- 
yon local fauna, Rexroad Formation (Fig. 
1, locality 50). Type University of Kansas 
Museum of Natural History 3805. 


Nematurella 


Nematurella euzona Hanna (1923). NJ 
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10-5 [Santa Rosa] B-3. Sonoma County, 
California. CAS locality 415, sec. 14, T 
5 N, ВТУ, unsurveyed. Petaluma For- 
mation (Fig. 1, locality 10). Type CAS 
511. 


Pyrgulopsis 


Pyrgulopsis? polynematica Pilsbry 
(1934b). NI 11-1 [Bakersfield] B-6. 
Kern County, California. Milham Ex- 
ploration Co. well Wisnome no. 1, sec. 
27, T 28 S, R 23 E, depth 2649-2660 ft. 
Basal part of Tulare Formation, Button- 
willow gas field (Fig. 1, locality 21). 
Type ANSP 12936a. 

Pyrgulopsis tropidogyra Pilsbry 
(1935). NJ 10-9 [San Jose] A-8. Santa 
Clara County, California. Near Los 
Gatos. Santa Clara Formation (Fig. 1, 
locality 11). Type ANSP 76162. 

Pyrgulopsis vincta Pilsbry (1934b). NJ 
10-12 [Santa Cruz] A-1. Fresno County, 
California. 2000 ft west, 600 ft south, sec. 
30, T 215, R17 E. Basal part of Tulare 
Formation, Kettleman Hills (Fig. 1, lo- 
cality 18). Type ANSP 12935a. 

“Pyrgulopsis” carinata Yen (1944). NK 
11-6 [Туш Falls] D-6. Elmore or Owy- 
hee County, Idaho. Near Hammett. 
Glenns Ferry Formation (Fig. 1, locality 
34). Type CAS 8252. 


Savaginius (note 6, p 130) 


Savaginius nannus (Chamberlin and 
Berry, 1933). NK 12-7 [Brigham City] 
D-1. Box Elder County, Utah. USGS 
locality 20094. SE 1/4 sec. 19, T 12 М, 
R 2 W. Cache Valley Formation (Fig. 
1, locality 37). Type not found; para- 
types in University of Utah. 

Savaginius percarinatus (Pilsbry, 
1934b). NI 11-1 [Bakersfield] C-7. Kern 
County, California. Universal Consoli- 
dated well 44, sec. 32, Т 265, R21E, 
depth 445-520 ft. Upper part of San 
Joaquin Formation, Lost Hills oil field 
(Fig. 1, locality 20). Type ANSP 12969a. 

Savaginius  perditicollis (Pilsbry, 
1934b). NI 11-1 [Bakersfield] C-7. Kern 
County, California. Universal Consoli- 
dated well 44, sec. 32, T 26S, R 21 E, 
depth 455-650 ft. Upper part of San 
Joaquin Formation, Lost Hills oil 
field (Fig. 1, locality 20). Type ANSP 


12968a. 

Savaginius pilula (Pilsbry, 1934b). NI 
11-1 [Bakersfield] C-7. Kern County, 
California. Universal Consolidated well 
44, sec. 32, T 26S, R 21 E, depth 435- 
445 ft. Upper part of San Joaquin Forma- 
tion, Lost Hills oil field (Fig. 1, locality 
20). Type ANSP 12976a. 

Savaginius puteanus (Pilsbry, 1935). 
NI 11-1 [Bakersfield] C-7. KernCounty, 
California. Kern no. 2 well, sec. 8, T 28 
S, В 23 E, depth 2410-2428 ft. Basal part 
oí Tulare Formation, Buttonwillow gas 
field (Fig. 1, locality 21). Type ANSP 
12930a. 

Savaginius siegfusi (Pilsbry, 1934b). 
NI 11-1 [Bakersfield] C-7. Kern County, 
California. Universal Consolidated well 
44, sec. 32, T 26S, R 21 E, depth 365- 
720 ft. Upper part of San Joaquin Forma- 
tion, Lost Hills oil field (Fig. 1, locality 
20). Type ANSP 12977a. 

Savaginius spiralis (Pilsbry, 1934b). 
NJ 10-12 [Santa Cruz] B-1. Fresno 
County, California. Boston Land Com- 
pany well “С”, sec. 27,T 19S, R18 E, 
depth 772-792 ft. Upper part of Tulare 
Formation, within or immediately above 
Corcoran Clay Member (Fig. 1, locality 
16). Type ANSP 12972. 

Fluminicola yatesiana utahensis Yen 
(1947). NK 12-7 [Brigham City] D-1. 
Box Elder County, Utah. USGS locality 
20093, SE 1/4 sec. 16, T 13 N, R 2 W. 
Cache Valley Formation (Fig. 1, locality 
37). Type USNM 559996. =Savaginius 
nannus (Chamberlin and Berry, 1933). 


Savaginius williamsi (Hannibal, 
1912b). NI 11-1 [Bakersfield] C-7. 
Kern County, California. Martin and 


Dudley’s well, SE 1/4 sec. 32, T 26 5, 
R 21 E. Upper part of San Joaquin 
Formation, Lost Hills oil field (Fig. 1, 
locality 20). Type SU 461. 

Savaginius yatesianus (Cooper, 1894b). 
NJ 10-9 [San Jose] C-8. Alameda 
County, California. Ridge of gravel and 
alluvium at Mission San Jose, probably 
in-secs;, 1,42; 11, 12);T: SSP R LW: ЛЕ 
vington local fauna, Santa Clara Forma- 
tion (Fig. 1, locality 11). Type lost. 


Zetekina (note 7, p 130) 
Zetekina woodringi (Pilsbry, 1934b). 
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NI 11-1 [Bakersfield] D-8. Kings County, 
California. USGS locality 12843, 1700 
ft north, 410 ft west, sec. 28, T 23S, 
R 19 E. Basal part of Tulare Forma- 
tion, Kettleman Hills (Fig. 1, locality 
18). Type USNM 495221. 


Lithoglyphinae 
Lithoglyphus (note 8, p 131) 


Lithasia antiqua Gabb (1866). NK 
11-2 [Boise] B-3. Canyon or Owyhee 
County, Idaho. Near Walters Ferry, 
N 1/2 sec. 17, T 1S, R 2W. Glenns 
Ferry Formation (Fig. 1, locality 34). 
Type lost. =Lithoglyphus occidentalis 
(Hall, 1845). 

Lithoglyphus kettlemanensis (Pilsbry, 
1934b). NI 11-1 [Bakersfield] D-8. 
Kings County, California. Near center 
of sec. 26, T 225, R18 E. Lower part 
of San Joaquin Formation, immediately 
below Pecten zone, Kettleman Hills (Fig. 
1, locality 18). Type ANSP 12979. 

Lithoglyphus occidentalis (Hall, 1845). 
NK 11-6 [Twin Falls] D-5. Elmore 
County, Idaho. NW 1/4 sec. 28, T 6S, 
R 11 E. Glenns Ferry Formation (Fig. 
1, locality 34). Type lost. 

Lithoglyphus sanmateoensis (Glen, 
1960). NJ 10-8 [San Francisco] C-2. 
San Mateo County, California. CAS lo- 
cality 36724, T 5 S, R 5 W, 300 yards 
north 45% west of entrance on Skyline 
Boulevard to Skyline Materials Plant No. 
1. Santa Clara Formation (Fig. 1, lo- 
cality 11). Type CAS 10449, 

Lithoglyphus superbus (Yen, 1944). 
NK 11-6 [Twin Falls] D-6. Elmore or 
Owyhee County, Idaho. Near Hammett. 
Glenns Ferry Formation (Fig. 1, locality 
34). Type CAS 8259. 

Lithoglyphus utahensis (Yen, 1947). 
NK 12-7 [Brigham City] D-1. Box 
Elder County, Utah. USGS locality 
20093, SE 1/4 sec. 16, T 13N,R 2 W. 
Cache Valley Formation (Fig. 1, locality 
37). Type USNM 559997. 

Lithoglyphus weaveri (Yen, 1944). NK 
11-6 [Twin Falls] D-6. Elmore or Owy- 
hee County, Idaho. Near Hammett. 
Glenns Ferry Formation (Fig. 1, locality 
34). Type CAS 8255. 


Littoridininae 
Tryonia 


Alabina io Bartsch (1911). NI 11-7 
[Long Beach] C-2. Los Angeles County, 
California. San Pedro; horizon un- 
certain. Type USNM 148669. =Tryonia 
stokesi (Arnold). 

Tryonia stokesi (Arnold, 1903). NI 
11-7 [Long Beach] C-2. Los Angeles 
County, California. Bluffs along water- 
front (now destroyed), centralSan Pedro. 
San Pedro Sand (Fig. 1, locality 24). 
Type USNM 162541. 


EUTHYNEURA 
ELLOBIIDAE 
Carychium 


Carychium perexiguum F. C. Baker 
(1938). NJ 14-7 [Dodge City] A-2. 
Meade County, Kansas. 900 ft east, 
1300 ft north, sec. 22, T 33S, R 29 W. 
Rexroad local fauna, Rexroad Formation 
(Fig. 1, locality 51). Type Illinois State 
Geological Survey P6776. =C. exiguum 
(Say) according to Taylor (1960b). 


LANCIDAE 
Lanx 


Lanx kirbyi Hanna and Gester (1963). 
NK 10-9 [Alturas] D-8. SiskiyouCounty, 
California. CAS locality 34807, SW 1/4 
sec. 4, T 47 N, R 1 E. Butte Valley 
(Fig. 1, locality 2). Type CAS 12453. 

Lanx moribundus Hanna (1922). NK 
11-4 [Adel] C-7 or C-8. Lake County, 
Oregon. Warner Lake basin (Fig. 1, lo- 
cality 6). Type University of Oregon 
18. 


LYMNAEIDAE 
Bakerilymnaea (note 9, p 131) 


Lymnaea diminuta Leonard (1952). 
NJ 14-7 [Dodge City] A-2. Meade County, 
Kansas. 900 ft east, 1300 ft north, sec. 
22, T 335, R29 W. Rexroad local fau- 
na, Rexroad Formation (Fig. 1, locality 
51). Type University of Kansas Museum 
of Natural History 8801. =Bakerilym- 
naea bulimoides techella (Haldeman) ac- 
cording to Taylor (1960b). 
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Bulimnea 


Bulimnea petaluma (Hanna, 1923). NJ 
10-5 [Santa Rosa] B-3. Sonoma County, 
California. CAS locality 417, Willow 
Brook 1 mile southeast of Penngrove, 
sec. 9, T 5 N, R 7 W, unsurveyed. 
Petaluma Formation (Fig. 1, locality 
10). Type CAS 516. 


Fossaria 


Lymnaea turritella Leonard (1952). 
NJ 14-7 [Dodge City] A-3. Seward 
County, Kansas. Near center of west 
line sec. 36, T 345, R31 W. Saw Rock 
Canyon local fauna, Rexroad Formation 
(Fig. 1, locality 50). Type University 
of Kansas Museum of Natural History 
3807. =Fossaria dalli (Baker) according 
to Taylor (1960b). 


Lymnaea (Stagnicola) 


Lymnaea alamosensis Arnold (1907). 
NI 10-6 [Santa Maria] C-2. Santa Bar- 
bara County, California. Progressive 
grid coordinates about 459500 ft north, 
1299200 ft east. Paso Robles Formation 
(Fig. 1, locality 19). Type USNM 165426. 
Species inquirenda, Lymnaea “palustris” 
group. 

Lymnaea albiconica Taylor (1957). NI 
12-2 [Flagstaff] C-1. Navajo County, 
Arizona. Sec. 12, T 25 N, В 21 E. 
White Cone local fauna, Bidahochi For- 
mation (Fig. 1, locality 47). Type USNM 
562081. 

Lymnaea filocosta Hanna (1923). NJ 
10-5 [Santa Rosa] B-3. Sonoma County, 
California. CAS locality 417, Willow 
Brook 1 mile southeast of Penngrove, 
sec. 9, T5 N, В ТУ, unsurveyed. Peta- 
luma Formation (Fig. 1, locality 10). 
Type CAS 518. 

Lymnaea kerri Hanna (1923). NJ 
10-5 [Santa Rosa] B-3. Sonoma County, 
California. CAS locality 417, Willow 
Brook 1 mile southeast of Penngrove, 
sec. 9, T5 N, ВТУ, unsurveyed. Peta- 
luma Formation (Fig. 1, locality 10). 
Туре CAS 519. =L. limatula Hanna. 

Lymnaea kingii Meek (1877). NK12-7 
[Brigham City] C-1. Cache County, Utah. 


About sec. 1, T 11 N, R 2 W. Cache 
Valley Formation (Fig. 1, locality 37). 
Type USNM 8097. 

Lymnaea limatula Hanna (1923). NJ 
10-5 [Santa Rosa] B-3. Sonoma County, 
California. CAS locality 417, Willow 
Brook 1 mile southeast of Penngrove, 
sec. 9, T5 М, В ТУ, unsurveyed. Peta- 
luma Formation (Fig. 1, locality 10). 
Type CAS 520. Species inquirenda, 
Lymnaea “palustris” group. 

Lymnaea macella Leonard (1952). NJ 
14-7 [Dodge City] A-2. Meade County, 
Kansas. 900 ft east, 1300 ft north, sec. 
22, T 33 S, В 29 W. Rexroad local 
fauna, Rexroad Formation (Fig. 1, lo- 
cality 51). Type University of Kansas 
Museum of Natural History 8804. =Lym- 
naea extlis Lea according to Taylor 
(1960b). 

Lymnaea ратех 5 Leonard (1952). 
NJ 14-7 [Dodge City] A-2. Meade 
County, Kansas. 900 ft east, 1300 ft 
north, sec. 22, T 33 S, R 29 W. Rex- 
road local fauna, Rexroad Formation 
(Fig. 1, locality 51). Type University 
of Kansas Museum of Natural History 


8805. =Lymnaea exilis Lea according 
to Taylor (1960b). 
Pseudosuccinea 
Pseudosuccinea dineana (Taylor, 


1957). NI 12-2 [Flagstaff] C-1. Na- 
vajo County, Arizona. Sec. 12, Т 25 М, 
R 21 E. White Cone local fauna, Bida- 
hochi Formation (Fig. 1, locality 47). 
Type USNM 562084. 


PLANORBIDAE 
Planorbinae 
Brannerillus (note 10, р 131) 
Brannerillus involutus Pilsbry 
(1934b). NJ 10-12 [Santa Cruz] A-1. 
Fresno County, California. Sw 1/4 


NE 1/4 sec. 30, T 21S, R17 E. Basal 
part of Tulare Formation, Kettleman 
Hills (Fig. 1, locality 18). Type ANSP 
12958a. =B. physispira Hannibal (1912b)? 

Brannevillus physispira Hannibal 
(1912b). About NJ 10-12 [Santa Cruz] 
A-1. Fresno or Kings County, Cali- 
fornia. Mouth of gulch south of Me- 
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dallion One Canyon (locality not found). 
Basal part of Tulare Formation, Ket- 
tleman Hills (Fig. 1, locality 18). Type 
SU 460. 

Brannerillus involutus praeposterus 
Pilsbry (1935). NJ 10-12 [Santa Cruz] 
A-1. Kings County, California. 2500 ft 
east, 1000 ft south, sec. 6, T 225, В 18 
E. Basal part of Tulare Formation, 
Kettleman Hills (Fig. 1, locality 18). 
Type ANSP 12961а. =B. physispira 
Hannibal (1912)? 

Brannerillus involutus thremma Pils- 
bry (1935). NJ 10-12 [Santa Cruz] A-1. 
Kings County, California. 2500 ft east, 
1000 ft south, sec. 6, T 22 S, R18 E. 
Basal part of Tulare Formation, Kettle- 
man Hills (Fig. 1, locality 18). Type 
ANSP 12964. =В. physispiva Hannibal 
(1912b)? 


Gyraulus (Gyraulus) 


Gyraulus pleiopleurus (Hanna, 1923). 
NJ 10-5 [Santa Rosa] B-3. Sonoma 
County, California. CAS locality 417, 
Willow Brook 1 mile southeast of Penn- 
grove, sec. 9, T5 N, R7W, unsurveyed. 
Petaluma Formation (Fig. 1, locality 10). 
Type CAS 521. 


Gyraulus (Idahoella) 


Gyraulus annectans Chamberlin and 
Berry (1933). NK 12-7 [Brigham City] 
D-1. Box Elder County, Utah. USGS lo- 
cality 200094, SE 1/4 sec. 19, T12N, 
R 2 W. Cache Valley Formation (Fig. 1, 
locality 37). Type University of Utah. 
=G. monocarinatus Chamberlin and 
Berry (1933). 

Gyraulus monocarinatus Chamberlin 
and Berry (1933). NK 12-7 [Brigham 
City] D-1. Box Elder County, Utah. 
USGS locality 20094, SE 1/4 sec. 19, 
T12N, R2W. Cache Valley Formation 
(Fig. 1, locality 37). Type University 
of Utah. 

Gyraulus multicarinatus (Yen, 1944). 
NK 11-6 [Twin Falls | D-6. Elmore ог 
Owyhee County, Idaho. Near Hammett. 
Glenns Ferry Formation (Fig. 1, lo- 
cality 34). Type CAS 8268. 


Gyraulus (Torquis) 


Gyraulus enaulus Leonard (1952). NJ 
14-7 [Dodge City] A-3. Seward County, 
Kansas. Near center of west line sec. 
36, Т 34 5, В 31 W. Saw Rock Canyon 
local fauna, Rexroad Formation (Fig. 1, 
locality 50). Type University of Kansas 
Museum of Natural History 8803. =Gy- 
raulus parvus (Say) according to Taylor 
(1960b). 


Omalodiscus (note 11, p 131) 


Omalodiscus pattersoni (F. C. Baker, 
1938). NK 14-5 [O’Neill] C-8. Brown 
County, Nebraska. Center of north side 
NW 1/4 sec. 34 and southeast corner of 
SW 1/4 sec. 27, T 31N, R22 W. Sand 
Draw local fauna (Fig. 1, locality 48). 
Type Chicago Natural History Museum 
26128. 


“Platytaphius” 


“Platytaphius” chestermani Hanna and 
Gester (1963). NK 10-9 [Alturas] D-8. 
Siskiyou County, California. CAS lo- 
cality 34807, SW 1/4 sec. 4, Т 47 №, В 
1 E. Butte Valley (Fig. 1, locality 2). 
Type CAS 12469. 


Biomphalariinae 
Biomphalaria (note 12, p 131) 


Biomphalaria kansasensis Berry, in 
Berry and Miller, this volume. NJ 
14-7 [Dodge City] B-2. Meade County, 
Kansas. 1000 ft east, 1925 ft south, sec. 
14, T 325, R29W. Spring Creek local 
fauna, Missler Silt Member of Ballard 
Formation (Fig. 1, locality 51). Type 
UMMZ 220142. 


Helisomatinae 
Helisoma (s.s.) (note 13, p 131) 


Helisoma (s. s.)? kettlemanense Pils- 
bry (1934b). NJ 10-12 [Santa Cruz] 
A-1. Fresno County, California. 2000 
ft west, 600 ft south, sec. 30, T 21S, 
R 17 E. Basal part of Tulare Forma- 
tion, Kettleman Hills (Fig. 1, locality 
17). Type ANSP 13053. 
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Helisoma (Carinifex) (note 13, p 131) 


Helisoma marshalli (Arnold, 1910). 
NJ 10-12 [Santa Cruz] A-1. Fresno 
County, California. USGS locality 4732, 
SW 1/4 NE 1/4 sec. 30, T 21S, RITE. 
Basal part of Tulare Formation, Kettle- 
man Hills (Fig. 1, locality 18). Type 
USNM 165507. 

_ Нейзота sanctaeclarae (Hannibal, 
1909). NJ 10-9 [San Jose] A-8. Santa 
Clara County, California. “Near Los 
Gatos Limestone Quarry”, probably sec. 
27 or 28, T 8S,R1W. Santa Clara For- 
mation (Fig. 1, locality 11). TypeSU 451. 


Planorbella (Pierosoma) 
(note 13, p 131) 


Planorbella (Pierosoma) clewistonen- 
sis (F. C. Baker, 1940). NG 17-5 
[West Palm Beach] C-4. Hendry County, 
Florida. Clewiston. The stratigraphic 
position of the type is uncertain, but it 
may be from “unit A” (Fig. 1, locality 
57). Type USNM 515222. 


Planorbella (Seminolina) 
(note 13, p 131) 


Planorbella (Seminolina) wilsoni Tay- 
lor, n.sp. NG 17-5 [West Palm Beach] C- 
3. Palm Beach County, Florida. USGS 
Cenozoic locality 22704, road metal pit on 
south side of state highway 80 west of 
Belle Glade. “Unit A”. Type USNM 644835. 


Vorticifex (note 14, p 131) 


Vorticifex condoni Hanna (1922). NK 
11-4 [Adel] C-7 or C-8. Lake County, 
Oregon. Warner Lake basin (Fig. 1, 
locality 6). Type University of Oregon 17. 


Parapholyx packardi corrugata F.C. 
Baker (1942). NK 10-6 [Klamath Falls] 
D-3 or D-4. Lake County, Oregon. Well 
at north end of Summer Lake, depth 
1080 ft (Fig. 1, locality 4). Type Illi- 
nois State Geological Survey P7451. 
=Vorticifex packardi (Hanna, 1922)? 

Vorticifex durhami (Glen, 1960). NJ 
10-8 [San Francisco] C-2. San Mateo 


125 


County, California. CAS locality 36724, 
T 5 S, R5 W, 300 yards north 45° west 
of entrance on Skyline Boulevard toSky- 
line Materials Plant No. 1. Santa Clara 
Formation (Fig. 1, locality 11). Type 
CAS 10451. 

Vorticifex gesteri (Hanna, 1963). NJ 
11-4 [Walker Lake] A-4. Mono County, 
California. CAS locality 36730, NW cor- 
ner SW 1/4 sec. 3, TAN, R29E. Lake 
beds in Mono Basin (Fig. 1, locality 29). 
Type CAS 12521. 

Vorticifex laxus Chamberlin and Berry 
(1933). NK 12-7 [Brigham City] D-1. 
Box Elder County, Utah. USGS locality 
20094, SE 1/4 sec. 19, T12N,R2W. 
Cache Valley Formation (Fig. 1, locality 
37). Type University of Utah. Species 
unrecognizable; probably one of the Hy- 
drobiidae described by Yen (1947). 

Vorticifex minimus (Yen, 1947). NK 
12-7 [Brigham City] D-1. Box Elder 
County, Utah. USGS locality 20093, 
SE 1/4 sec. 16, T 13 N, R2W. Cache 
Valley Formation (Fig. 1, locality 37). 
Type USNM 560007. 

Vorticifex packardi (Hanna, 1922). NK 
11-4 [Adel] C-7 or C-8. Lake County, 
Oregon. Warner Lake basin (Fig. 1, 
locality 6). Type University of Oregon 
16; 

Pompholopsis planospiralis Yen 
(1947). NK 12-7 [Brigham City] D-1. 
Box Elder County, Utah. USGS locality 
20093. SE 1/4 sec. 16, T13N, R2W. 
Cache Valley Formation (Fig. 1, locality 
37). Type USNM 560006. =Vorticifex 
utahensis (Yen, 1947). 

Vorticifex utahensis (Yen, 1947). NK 
12-7 [Brigham City] D-1. Box Elder 
County, Utah. USGS locality 20093, 
SE 1/4 sec. 16, T 13 М, R2W. Cache 
Valley Formation (Fig. 1, locality 37). 
Type USNM 560005. 

Vorticifex whitei (Call, 1888). NJ 
10-9 [San Jose] C-7 or C-8. Alameda 
County, California. Northof Livermore. 
Probably Livermore Gravels (Fig. 1, 
locality 13). Type formerly in Univer- 
sity of California, now lost. 
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Coretus (note 15, p 131) 


Coretus plenus (Hanna, 1923). NJ 
10-5 [Santa Rosa] B-3. Sonoma County, 
California. CAS locality 417, Willow 
Brook 1 mile southeast of Penngrove, 
sec. 9, T5 N, В ТУ, unsurveyed. Peta- 
luma Formation (Fig. 1, locality 10). 
Type CAS 522. 


Planorbulinae 
Menetus (Planorbifex) 


Menetus vanlecki (Arnold, 1910). NJ 
10-12 [Santa Cruz] A-1. Kings County, 
California. USGS locality 4731, NW 1/4 
NE 1/4 sec. 35, T21S,R17 E. Basal 
part of Tulare Formation, Kettleman 
Hills (Fig. 1, locality 18). Type USNM 
165506. 


Paraplanorbis 


Paraplanorbis condoni (Hanna, 1922). 
NK 11-4 [Adel] C-7 or C-8. Lake 
County, Oregon. Warner Lake basin 
(Fig. 1, locality 6). Type University of 
Oregon 14. 


Promenetus (s. s.) 


Promenetus exacuous kansasensis (F. 
C. Baker, 1938). NJ 14-7 [Dodge City] 
A-2. Meade County, Kansas. 900 ft 
east, 1300 ft north, sec. 22, T 335, В 
29 W. Rexroad local fauna, Rexroad 
Formation (Fig. 1, locality 51). Type 
Illinois State Geological Survey P6778. 


Promenetus (Phreatomenetus) 


Promenetus  blancoensis Leonard 
(1952). NJ 14-7 [Dodge City] A-3. 
Meade County, Kansas. 1500 ft west, 
1900 ft north, sec. 35, T 34S, В 30 W. 
Rexroad local fauna, Rexroad Formation 
(Fig. 1, locality 51). Type University of 
Kansas Museum of Natural History 8802. 
=Promenetus umbilicatellus (Cockerell, 
1887) according to Taylor (1960b). 

Planorbis scabiosus Hanna (1922). NK 
11-4 [Adel] C-7 or C-8. Lake County, 
Oregon. Warner Lake basin (Fig. 1, lo- 
cality 6). Type University of Oregon 
15. =Promenetus umbilicatellus (Coc- 
kerell)? 


PHYSIDAE 
Hannibalina 


Hannibalina dorrisensis Hanna and 
Gester (1963). NK 10-9 [Alturas] D-8. 
Siskiyou County, California. CAS lo- 
cality 34807, SW 1/4 sec. 4, T47N,R 
1 E. Butte Valley (Fig. 1, locality 2). 
Type CAS 12462. 


Physa (Costatella) 


Physa wattsi Arnold (1910). NJ 10- 
12 [Santa Cruz] A-1. Fresno County, 
California. USGS locality 4732, SW 1/4 
NE 1/4 sec. 30, T 21S, R17E. Basal 
part of Tulare Formation, Kettleman 
Hills (Fig. 1, locality 18). Type USNM 
165503. 5 


VERTIGINIDAE 
Vertigo 


Vertigo hibbardi F. C. Baker (1938). 
NJ 14-7 [Dodge City] A-2. Meade 
County, Kansas. 900 ft east, 1300 ft 
north, sec. 22, T 335, В 29W. Rexroad 
local fauna, Rexroad Formation (Fig. 1, 
locality 51). Type Illinois State Geo- 
logical Survey P6773. 


CHONDRINIDAE 
Gastrocoptinae 
Gastrocopta (s.s.) 
Gastrocopta  chauliodonta Taylor 
(1954). NK 14-5 [O’Neill] C-8. Brown 


County, Nebraska. North side of SW 1/4 
and south side of NW 1/4 sec. 25, T. 31 
N, В 22 W. Sand Draw local fauna (Fig. 
1, locality 48). Type UMMZ 181120. 

Gastrocopta franzenae Taylor (1960b). 
NJ 14-7 [Dodge City] A-2. Meade County, 
Kansas. 900 ft east, 1300 ft north, sec. 
22, T 33 5, В 29W. Rexroad local fauna, 
Rexroad Formation (Fig 1, locality 51). 
Type UMMZ 183033a. 

Gastrocopta paracristata Franzen and 
Leonard (1947). NJ 14-7 [Dodge City] 
A-3. Meade County, Kansas. 1500 ft 
west, 1900 ft north, sec. 35, T 345, В 
30 W. Rexroad local fauna, Rexroad For- 
mation (Fig. 1, locality 51). Type Uni- 
versity of Kansas Museum of Natural 
History 3929. 
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Gastrocopta scaevoscala Taylor 
(1960). NJ 14-7 [Dodge City] A-2. 
Meade County, Kansas. SE 1/4 SW 1/4 
and SW 1/4 SE 1/4 sec. 22, T 335, В 
29 W. Bender local fauna, Rexroad For- 
mation (Fig. 1, locality 51). Type UMMZ 
184320. 


Gastrocopta (Immersidens) 


Gastrocopta rexroadensis Franzenand 
Leonard (1947). NJ 14-7 [Dodge City] 
A-2. Meade County, Kansas. 900fteast, 
1300 ft north, sec. 22, T 33S, R 29 W. 
Rexroad local fauna, Rexroad Formation 
(Fig. 1, locality 51). Type University of 
Kansas Museum of Natural History 3781. 


STROBILOPSIDAE 
Strobilops (s.s.) 


Strobilops sparsicostata Baker (1938). 
NJ 14-7 [Dodge City] A-2. Meade Coun- 
ty, Kansas. 900 ft east, 1300 ft north, 
sec. 22, T 335, R 29 W. Rexroad local 
fauna, Rexroad Formation (Fig. 1, lo- 


cality 51). Type Illinois State Geolo- 
gical Survey P6774. 

LIMACIDAE 

Deroceras 


Deroceras aenigma Leonard (1950). 
NJ 14-7 [Dodge City] A-2. Meade County, 
Kansas. 900 ft east, 1300 ft north, sec. 
22, Т 335, R29W. Rexroad local fau- 
na, Rexroad Formation (Fig. 1, locality 
51). Type University of Kansas Museum 
of Natural History 5127. 


POLYGRIDAE 
Polygyra (Erymodon) 


Polygyra rexroadensis Taylor (1960b). 
NJ 14-7 [Dodge City] A-3. Meade County, 
Kansas. 1500 ft west, 2550 ft south, sec. 
35, T 34 5, В 30W. Rexroad local fauna, 
Rexroad Formation (Fig. 1, locality 51). 
Type UMMZ 177610a. 


HE LMINTHOGLYPTIDAE 
Cepolis 


Cepolis caroli McGinty (1940). NG 
17-5 [West Palm Beach] C-1. Palm 
Beach County, Florida. Range line ca- 
nal west of Boynton. Perhaps from 


“unit A” (Fig. 1, locality 57). Typein T. 
L. McGinty collection. 


TAXONOMIC NOTES 


The following notes document only the 
more striking innovations in taxonomy or 
nomenclature of the preceding list of 
“mollusks described from Blancan 
types”. 

1. The living North American species 
of Pisidium have been reviewed by Her- 
rington (1962), who recognized no sub- 
divisions within the genus. Boettger 
(1961, 1962, 1964) and Kuiper (1962a, b, 
1964) have discussed subgeneric groups 
of Pisidium; Heard (1965) has applied 
their data to a classification ofthe North 
American species. The subgenera are 
defined mainly by anatomical criteria, 
but partly by shell characters; and the 
known fossil Pisidium can thus be as- 
signed to a subgenus. Rivulina includes 
nearly all of the known North American 
species. Both Boettger and Kuiper re- 
cognized this same taxonomic subgenus, 
but under different names. Boettger 
(1961, 1962, 1964) advocated use of 
Galileja Costa, but I follow Kuiper (1964) 
in believing that this name is based on 
some marine clam that is not even one 
of the Sphaeriidae. Kuiper (1962a) used 
the name Cycladina Clessin for the sub- 
genus, but this name is doubly preoc- 
cupied as Boettger (1961) had already 
indicated. Rzvulina Clessin, 1873, isthe 
earliest available name for the group so 
designated by Heard (1965). 

2. The Payettiidae were included in the 
Basommatophora by Taylor and Sohl 
(1962). Study of this group has revealed 
that in Payettia and in other, undes- 
cribed genera the internal muscle scar 
is roughly horseshoe-shaped though 
slightly asymmetrical. Exceptionally 
well-preserved shells of several un- 
described species retain a color pattern 
of crudely divaricating series of chev- 
rons, reminiscent of that in the genus 
Septaria  (Neritidae). Evidently the 
family is Neritacean, and probably re- 
presents an ancient derivative ofthe Ne- 
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ritidae. The narrow columellar septum, 
few rapidly expanding whorls, and color 
pattern suggest relationship to Septaria 
of southeastern Asia, but the asymmetri- 
cal shell and small size are distinc- 
tive. No opercula have been found. 

3. The new family Pliopholygidae is 
proposed for the sole genus Pliopholyx 
Yen, 1944, including 3 named species 
and others undescribed. Exceptionally 
well preserved specimens from the 
Glenns Ferry Formation, Idaho (Fig. 1, 
locality 34) reveal several spiral color 
bands in the shell, much asin Viviparus. 
Another striking feature is the charac- 
teristic doubly effuse aperture; this is 
interpreted as correlated with an in- 
halant and exhalant siphon, and a ciliary 
mode of feeding. The large size of some 
species, the thick shell of P. reesidei 
Yen, and the elongate spire of other spe- 
cies, are additional features that accord 
ill with the Planorbidae, in which Yen 
classified the genus. One might sug- 
gest that the group is hydrobiid, re- 
lated perhaps to Lithoglyphus. Yet re- 
view of the UMMZ collections of Hy- 
drobiidae, Bithyniidae, Viviparidae, 
Pilidae, Pleuroceridae and Thiaridae 
shows a general consistency of color 
pattern at generic or even family level. 
No Hydrobiidae or Bithyniidae have co- 
lor pattern in the calcareous part of the 
shell, but spiral bands are common in 
the Viviparidae and Pilidae. In addition, 
some species of Pliopholyx are far lar- 
ger than any known Hydrobiidae. The 
correlation of color banding with prob- 
able inhalant and exhalant siphons seems 
clearly to indicate relationship with the 
Pilidae and Viviparidae, although not 
closer to one than another. The family 
may be diagnosed as follows: 


Order Mesogastropoda 
Superfamily Viviparacea 
Family Pliopholygidae Taylor, 
new family 


Shell elongate-conic to globose, 10- 
40 mm long in adults, with about 5 
whorls, and 4 equidistant spiral color 
bands in at least 1 species. Aperture 


40-100% of total shell length, either ef- 
fuse at both anterior and posterior ends, 
or rounded broadly anteriorly with a 
Siphonal notch in the callus of the pos- 
terior angle. Base anomphalous or nar- 
rowly phaneromphalous; inductura thick 
and heavy or thin. Sculpture usually 
consists only of prosocline growth lines 
becoming more steeply inclined with 
growth; a spiral carina present in 1 
species. 

So far the family is known only by 
about 10 species (3 described) of Plio- 
pholyx, all late Pliocene, in the Glenns 
Ferry and Cache Valley Formations, 
southern Idaho and northern Utah (Fig. 
1, localities 34-37). 

The genus Reesidella Yen (discussed 
by Tozer, 1956) of Mesozoic and lower 
Tertiary rocks in the northern Rocky 
Mountains exhibits similarities to some 
species of Pliopholyx. The shells of 
some species in both genera are of simi- 
lar size and shape. When preserved, 
the color-banding too is similar, although 
Yen (1952: 6) described the shell of a 
Reesidella as showing only 2 bands. 
But no Reesidella shells I have seen 
show a Siphonal notch or effuse aper- 
ture, and if Pliopholyx had a thick cal- 
careous operculum like Reesidella it 
seems strange that none have been 
found. Seemingly Reesidella shares 
characters of the related families Vivi- 
paridae, Pilidae, Bithyniidae and Plio- 
pholygidae, but in the present state of 
knowledge cannot be allocated to one of 
them plausibly. In any case, the simi- 
larities of Pliopholyx to Reesidella 
strengthen the evidence for classifying 
the former in the Viviparacea. 

4. The family Delavayidae was es- 
tablished by Annandale (1924), but since 
Thiele (1928) merged it with the Litho- 
glyphine Hydrobiidae the name has not 
even been mentioned. Annandale (1924) 
diagnosed the family particularly by cha- 
racters of the radula, but other mor- 
phological data include numerous dis- 
tinctive features. Only the radula is 
known in most genera, but in Jullienia 
(Fenouilia) from Yunnan Province, 
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China, as described by Annandale and 
Prashad (1919) there are characters 
that show relationships to. the Pleuro- 
ceridae, and others that are unique. 
The lack of a penis, and the probable 
occurrence of an oviducal groove, are 
features common to the Cerithiacea. 
All known Hydrobiidae have a penis. 
Unique aspects are the spindle-shaped 
head; location of the eyes behind the bases 
of the tentacles; and the large size and 
integumentary cover of the eyes. The 
basal denticles of the central tooth are 
a character unknown in Pleuroceridae. 
The spindle-shaped fecal pellets indicate 
Cerithiacean rather than Rissoacean af- 
finities; in all known Hydrobiidae the 
fecal pellets are ovoid, but in Pleuro- 
ceridae and Thiaridae spindle-shaped. 
In the light of present knowledge, Thiele 
(1928) seems to have considerably ex- 
aggerated the systematic value ofthe ra- 
dula, and underrated the significance of 
other characters. 

The scope of the Delavayidae remains 
uncertain since the radula is the only 
non-conchological structure known 
widely in the group. About 7 genera 
are known living in southeastern Asia, 
mainly in Yunnan Province, China, and 
in the Mekong River. The anatomically 
better-known group Jullienia (Fenouilia) 
of Yunnan shows the greatest concho- 
logical resemblance to the American 
fossil Anculopsis, and on this basis they 
are grouped together. 

Specimens of Jullienia compared with 
Anculopsis are UMMZ 91602, 3 topo- 
types of J. kreitneri (Neumayr) from 
Lake Tali (Erh-Hai), Yunnan Province; 
and UMMZ 117334, 6 paratypes of J. 
carinata Fulton from Lake Yunnan (K’un- 
Yang Hai), Yunnan Province. These show 
that the spiral keels do not begin at the 
first or second whorl, but develop in 
later growth. This is a similarity to 
Anculopsis bicarinata Yen, but contrasts 
with the ontogenetically early spiral 
sculpture in the pleurocerid Leptoxis 
(=Anculosa). Strong spiral keelsin Lep- 
toxis do not persist into adult growth 
if they are ever present, and in many 


species are probably absent. Despite 
the gross similarity in size and form of 
Leptoxis and Anculopsis they differ fun- 
damentally in development of sculpture. 

In Jullienia of Yunnan Province the 2 
Spiral keels are situated precisely as in 
Anculopsis bicarinata. The posterior 
keel is strong in Anculopsis, weak or 
absent in Jullienia, but is 1/3-1/4 of 
the distance from the suture to the peri- 
pheral keel in both. In both genera the 
peripheral keel is strong, and just over- 
lapped by the succeeding whorl. The 
base of the shell is anomphalous in 
both genera, but the umbilical area is 
concave. In Jullienia a sharp, narrow 
ridge runs from the anterior end of the 
inductura posteriorly along the outer 
edge of the concavity and disappears 
beneath the inductura; this narrow ridge 
marks successive positions of the in- 
ductura. In Anculopsis there is no such 
sharp ridge; the concave umbilical area 
is deeper, but bordered by only an т- 
distinct swelling. None of these spiral 
structures have corresponding spirals in 
Leptoxis, although the concavity in the 
umbilical area can be duplicated. 

Collabral sculpture in Anculopsis bi- 
carinata consists of growth lines and 
variably developed indistinct low 
swellings. These form irregular undu- 
lations on the shell and may form weak 
nodes on the posterior keelin Anculopsis 
bicarinata. These undulations are pre- 
sent and strikingly similar in Jullienia 
kreitneri (Neumayr), but are not evident 
in the series of J. carinata. 

Although Anculopsis is of about the 
Same size and shape as Lithoglyphus, 
there are several characters that weigh 
against classifying both together in the 
Lithoglyphinae. The concave umbilical 
area, strong spiral keels, and the an- 
terior spout of the aperture that occur 
in one or another Anculopsis are all 
absent in Lithoglyphus. Some details 
of sculpture, shape of aperture and um- 
bilical area in the various Anculopsis 
Species are so similar as to suggest 
that they form a coherent group. On 
the basis of morphological features An- 
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culopsis seems closest to the Asiatic 
group Jullienia (Fenouilia), in the Dela- 
vayidae, but there are some gross 
characters in common with the families 
Pleuroceridae and Hydrobiidae. 

The classification of Anculopsis inthe 
Delavayidae introduces another family 
into the known fauna of North America. 
Inasmuch as the only morphological 
characters available are those of the 
shell, it is worth pointing out that other 
groups are common to the lakes of Yun- 
nan Province and of Idaho and Utah. 
“Melania” dulcis Fulton (1904), from 
Lake Yunnan, seems to be the most 
similar living species to “Melania” tay- 
1071 Gabb, from the Glenns Ferry For- 
mation, Idaho (Fig. 1, locality 34). Litho- 
glyphus taliensis Annandale (1924), from 
Lake Tali, is the Asiatic species of the 
genus most similar to those of north- 
western America. 

5. The systematic position of “Me- 
lania” dulcis Fulton (1904) of Lake Yun- 
nan, Yunnan Province, China is uncer- 
tain. Annandale (1924) ascribed it con- 
fidently to the pleurocerid Semisulco- 
spira, but noted differences in the oper- 
culum. “Melania” taylori Gabb from the 
Glenns Ferry Formation, Idaho, is rather 
similar in sculpture, and I suspect the 
two are congeneric. The fossil species 
has a narrow spire and acute apex, dis- 
tinct from the blunt apex of Semisulco- 
spiva. Neither published illustrations, 
nor specimens in the University of Mi- 
chigan collections, show the early whorls 
of “M.” dulcis that might prove diag- 
nostic. 

6. Most hydrobiids lack characteris- 
tic shell features, hence study of fossils 
in this group is difficult. The features 
of size and shape of protoconch have 
proved taxonomically useful in the wes- 
tern American species, being generally 
correlated with anatomical differences 
of generic or higher rank. Some of the 
fossil species previously referred to 
Fluminicola (=Lithoglyphus) by Pilsbry 
(1934b, 1935) have relatively large proto- 
conchs similar to those of living Litho- 
glyphus, but most of them do not. These 


other species have a small protoconch 
as in the small species of Fontelicella, 
but attain a larger size and often have 
conspicuous spiral sculpture. For this 
group, with no known living representa- 
tives, a new genus is established. 


Order Mesogastropoda 
Superfamily Rissoacea 
Family Hydrobiidae 
Subfamily Hydrobiinae 
Savaginius4 Taylor, new genus 


Diagnosis. Shell 2.5-7.5 mm long in 
adults, anomphalous, elongate-conic to 
globose, with 3-6 whorls, the aperture 
20-80 percent ot total shell length. 
Collabral sculpture consists only of 
minute growth striae. Spiral sculpture 
usually present, consisting of a shoulder 
or peripheral keel and/or fine spiral 
striae. Protoconch similar in size to 
that of Fontelicella, but more acute, so 
that the apical angle is about the same 
as the spire angle instead of substan- 
tially greater. Inductura sometimes 
thick. 

Type. Savaginius nannus (Chamberlin 
and Berry, 1933) (Pl. 6, Figs. 1-6). 

Distribution. Pliocene and Pleisto- 
cene, California, Idaho and Utah. 

The species included in this group 
can be assigned to 2 geographic subdi- 
visions: the smaller speciesin southern 
Idaho and Utah; andthe larger Californian 
species found in the Great Valley and 
Coast Ranges. Most of the species des- 
cribed by Pilsbry (1934b, 1935) are as- 
signed on the basis of his descriptions 
and illustrations only, and some may 
belong elsewhere. 

7. The conchological similarities of 
Littoridina woodringi Pilsbry (1934b)J are 
evidently with tropical species rather 
than any geographically nearby form, as 
Pilsbry recognized. The Central Ameri- 
can species similar to L. woodringz dif- 
fer anatomically from Littoridina, and 








4Named in honor of Dr. D. E. Savage, Dept. 
of Paleontology, University of California, 
Berkeley. 
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Morrison (1946, 1947) has proposed for 
them the genus Zetekina. 

8. Fluminicola is included here in 
Lithoglyphus. As Pilsbry (1935) noted, 
the 2 groups cannotbe distinguished con- 
sistently by shell; and from studies in 
progress (including examination of the 
verge in living animals of most of the 
American species) I do not believe there 
is any anatomical warrant for the separa- 
tion of 2 genera. 

9. Weyrauch (1964) proposed the name 
Bakerilymnaea as a substitute for Na- 
sonia F. C. Baker, preoccupied. In this 
group the apex of the shell is like that 
of Lymnaea (Stagnicola), whereas fea- 
tures of pigmentation and behavior are 
like those of Fossaria. In at least one 
Species the egg masses are remarkably 
distinctive, forming ovoid masses 6-10 
mm long, 4-6 mm wide, laid free rather 
than appressed to the substratum, with 
a thick, sticky outer husk. Whether all 
of the nominal forms referred to this 
group are congeneric is uncertain, for 
shell characters are poorly marked. 

10. Brannerillus has previously been 
classified as a hydrobiid, but is inter- 
preted here as a planorbid. Sinistral 
coiling is virtually unknown in Hydro- 
biidae, but several examples are known 
in Brannerillus. It seems more likely 
that the usual dextral shell of Branneril- 
lus is hyperstrophic as in some other 
planorbids, and that the sinistral shells 
represent occasional orthostrophic indi- 
viduals. 

11. Usage of Omalodiscus in place of 
Anisus follows H. B. Baker (1963a). 

12. Opinion 735 of the International 
Commission on Zoological Nomenclature 
(Bull. zool. Nomen., 22: 94-99, 1965) 
ruled that the name Biomphalaria Pres- 
ton has precedence over Planorbina 
Haldeman, 1842, Taphius H. and A. 
Adams, 1855, and Armigerus Clessin, 
1884. From the comments by various 
authors that led to this opinion (Bull. 
zool. Nomen., 20: 92-99, 1963), one can 
see that there is general agreement that 
the nominal American genera Tropi- 
corbis and Australorbis are subjective 
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synonyms of Biomphalaria, but Taphius 
may or may not belong to this taxono- 
mic genus. Hence the Neotropical Pla- 
norbidae listed by Harry (1962) as Ta- 
phius should all be relegated to Biom- 
phalaria with the possible exception of 
Taphius s. s., the “Group of Taphius 
andecolus d’Orbigny” in that list. Ac- 
cording to the classification by F. C. 
Baker (1945), Biomphalaria kansasensis 
would be a species of Tropicorbis. 

13. The Planorbidae classified by F. 
C. Baker (1945) in the genera Heli- 
soma and Carinifex are rearranged here 
on the basis of shell characters that 
have not been used previously. Among 
these snails the most conspicuous dif- 
ferences seem to be direction of coiling, 
and the shell form. In Helisoma (s. s.) 
(i.e., Helisoma anceps) and in Carini- 
fex, the left side has a broadly conical 
concavity bordered by a conspicuous 
keel. In Helisoma the shell is bicon- 
cave, whereas the right side is convex 
in Carinifex, but in both of these groups 
the shell is dextral and hyperstrophic. 

In the groups Planorbella, Pierosoma 
and Seminolina the shell is sinistral and 
orthostrophic. The left side is plane 
in early stages of growth, with a carina 
around the edge, and becomes slightly 
concave only as successive whorls en- 
large. There is no funicular concavity 
on the left side. The right side hasa 
narrow umbilicus. 

Expression of these similarities and 
differences by grouping them into 2 
genera, while preserving all of the sub- 
generic groups, yields a genus Ней- 
soma (including Carinifex), and a genus 
Planorbella (including Pierosoma and 
Seminolina). 

14. The usage of Vorticifex (based on 
a fossil species) for fossils and also 
the living species often separated as 
Parapholyx follows the treatment by 
Zilch (1959-1960). The variability of 
the species, and the intergradations of 
form, are so great that no subordinate 
groupings within the genus seem practi- 
cable at this time. 

15, Usage of Coretus instead of 
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Planorbarius follows H. B. Baker 


(1963b). 


TAXONOMIC CHANGES 
New names proposed 


Pliopholygidae, new family of Vivi- 
paracea, for Pliopholyx Yen, described 
originally in Planorbidae. 

Pleuroceridae 

Calibasis, new subgenus of Juga 
Oreobasis, new subgenus of Juga 
Idabasis, new subgenus of Juga 
Juga chrysopylica Taylor, new name 
for “Goniobasis rodeoensis” of 
Hanna 
Hydrobiidae 
Savaginius, new genus ofHydrobiinae 
Lymnaeidae 
Radix intermontana Taylor, new name 
for Lymnaea idahoensis Yen, non 
Henderson 
Planorbidae 
Planorbella wilsoni Taylor, sp. n. 


Changes in classification 


Margaritiferidae 
Gonidea malheurensis (Henderson and 
Rodeck) transferred from Anodonta 
Sphaeriidae 
Sphaerium cooperi Arnold = S. striati- 
num (Lamarck) 
Sphaerium meeki Dall = S. idahoense 
Meek 
Pisidium curvatum Hanna = P. com- 
pressum Prime 
Pisidium compressum praecompres- 
sum Pilsbry = P. supinum Schmidt 
Payettiidae 
The family is referred to the Nerita- 
cea from the Ancylacea. 
Valvatidae 
Valvata utahensis horatii 
Baily = V. utahensis Call 
Valvata oregonensis Hanna = V. whitei 
Hannibal 
Orygoceratidae 
Orygoceras tricarinatum Yen = O. ar- 
cuatum Dall 
Pliopholygidae 
Lithoglyphus campbelli 
to Pliopholyx. 


Baily and 


Dall assigned 


Delavayidae 
The family is restored to its originally 
proposed status in the Cerithiacea, 
from the current classification as 
part of the Hydrobiidae (Rissoacea). 
Anculopsis Yen transferred from the 
Pleuroceridae 
Lioplax utahensis Yen is transferred 
to Anculopsis from the Viviparidae. 
Pleuroceridae 
Juga H. and A. Adams is recognized 
as a valid genus, including all Recent 
and Tertiary Pleuroceridae of wes- 
tern North America that have shells 
like those of Elimia. Namrutua Ab- 
bott may be a synonym. 
“Melania” taylori Gabb and “M.” dul- 
cis Fulton are classified as Pleuro- 
ceridae not surely referable to a 
known genus. 
Hydrobiidae 
Fluminicola Stimpson = Lithoglyphus 
Hartmann 
Pilsbryus Yen =Lithoglyphus Hartmann 
Anculotus nuttalii Reeve = Lithogly- 
phus hindsii (Baird) 
Fluminicola coloradoense Morrison = 
Lithoglyphus hindsii (Baird) 
Fluminicola fusca of authors, not Halde- 
man, = Lithoglyphus hindsii (Baird) 
Fluminicola modoci Hannibal = Litho- 
glyphus turbiniformis (Tryon) 
Amnicola dalli Call = Lithoglyphus 
turbiniformis (Tyron) 
Paludestrina curta Arnold = “Hydro- 
bia” imitator (Pilsbry) 
Paludestrina nanna Chamberlin and 
Berry assigned to Savaginius 
Fluminicola percarinata Pilsbry as- 
signed to Savaginius 
Fluminicola perditicollis Pilsbry as- 
signed to Savaginius 
Fluminicola pilula Pilsbry assigned to 
Savaginius 
Fluminicola puteana Pilsbry assigned 
to Savaginius 
Fluminicola siegfusi Pilsbry assigned 
to Savaginius 
Fluminicola spiralis Pilsbry assigned 
to Savaginius 
Fluminicola yatesiana utahensis Yen = 
Savaginius nannus (Chamberlin and 
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Berry) 

Pyrgulopsis williamsi 
signed to Savaginius- 
Amnicola yatesiana Cooper assigned to 

Savaginius 

Littoridina woodringi Pilsbry assigned 
to Zetekina 

Tryonia stokesi (Arnold) is not surely 
a synonym of the poorly understood 
species T. protea (Gould) 

Lymnaeidae 

Bakerilymnaea Weyrauch raised to ge- 
neric rank. 

Lymnaea alamosensis Arnold = spe- 
cies inquirenda, Lymnaea “palustris” 
group. 

Lymnaea kerri Hanna = 
Hanna 

Payettia (?) malheurensis Henderson 
and Rodeck transferred to Radix 

Pseudosuccinea venusta Russell trans- 
ferred to Radix 

Planorbidae 

BY....evillus Hannibal transferred from 
Hydrobiidae 

Idahoella Yen ranked as a subgenus of 
Gyraulus 

Carinifex Binney ranked as a subgenus 
of Helisoma 

Planorbella Haldeman raised to generic 
rank, with 2 subgenera Pierosoma 
Dall and Seminolina Pilsbry 

Paraplanorbis Hanna assigned to Pla- 
norbulinae 

Vorticifex laxus Chamberlin and Berry 
is an unrecognizable species, probably 
of Hydrobiidae 

Planorbis scabiosus Hanna assigned to 
Promenetus (Phreatomenetus), pro- 
bably = P. umbilicatellus (Cockerell) 

Physidae 

Hannibalina Hanna and Gester trans- 
ferred from Ancylidae 

Stenophysa Martens raised to generic 
rank 

Physa meigsii Dall transferred to Ste- 
nophysa 

Aplexa microstriata Chamberlin and 
Berry transferred to Stenophysa 

Succineidae 

Lymnaea barberi Marshall transferred 

to Oxyloma 


Hannibal as- 


L. limatula 
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Lymnaea aperta Marshall = Oxyloma 
barberi (Marshall) 

Succinea Sanibelensis Rehder = Oxy- 
loma barberi (Marshall) 
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kolbi, 99 
vexvoadi, 99 

Bakerilymnaea, 
bulimoides techella, 


131, 133 
12, 94, 97, 100, 
103, 105, 122 
cockerelli, 46, 74 
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thremma, involutus, 124 
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Pliopholyx, 
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Canimartes ? 
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73, 121 
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newberryi subrotunda, 23 

occidentalis, 23 

subrotunda, newberryi, 23 
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casei, Bassariscus, 99 
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Catostomus (Pantosteus) sp., 14 
cayennensis, Mesembrinibis, 98 
centervillensis, Menetus, 12, 42, 72 
centralis, Liomys, 99 
Centrarchidae, sp., 97 


Cepolis 

caroli, 114, 127 
Ceratomeryx 
prenticei, 5 
Cerithium 
vodeoense, 39-40 


Cervidae, sp., 75 
chapalensis, Planorbella tenuis, 114 
Chara sp., 91 
Chasmistes sp., 74 
chauliodonta, Gastrocopta, 126 
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serpentina, 98 
chenoderma, Pacifastacus? 14 
chestermani, “Platytaphius”, 124 
chloropus, Gallinula, 114 
chrysopylica, Juga, 39, 119, 132 
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maltha, 14 
Cincinnatia 
cincinnatiensis, 67 
cincinnatiensis, Cincinnatia, 67 
Cionella 
lubrica, 12, 97, 100 
circumstriatus, Gyraulus, 42 
Citellus sp., 75 
howelli, 99 
vexvoadensis, 99 
clewistonense, Helisoma, 113 
clewistonensis, Planorbella, 112-114, 
125 
Cnemidophorus 
bilobatus, 98 
sexlineatus, 98 
coalingensis, Gonidea, 11, 17, 19, 72, 
117 
coalingensis cooperi, Gonidea, 117 
cochrani, Megatylopus, 99 


cockerelli, Bakerilymnaea, 46, 74 
Colinus 

hibbardi, 98 
coloradoense, Fluminicola, 34, 132 


columbianus, Olor, 14 
compactilis speciosus, Bufo, 98 
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compressum praecompressum, Pisidium, 
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conanti, Planorbella, 107, 111, 115 
condoni, Paraplanorbis, 126 
Vorticifex, 125 
condonianus, Mylopharedon? 74 
contracosta, Lymnaea, 39 
cookii, Canimartes? 15 
cooperi, Gonidea coalingensis, 117 
Sphaerium, 117, 132 
copet, Salmo, 14 
Corbicula, 7 
sp:, ‘92 
gabbiana, 39 
cordillerana, Perrinilla, 45 


Coretus, 7,131 
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corrugata, Parapholyx packardi, 125 
Cosomys 

primus, 75 

Cottus 

divaricatus, 174 


crenulatum, Orygoceras, 73, 78, 118 
cristata, Gastrocopta, 12, 94, 97, 100, 
103 


cristatus, Catostomus, 174 
cronkhitei, Discus, 54, 86, 91 
Pyramidula, 54 


crybetes, Marstonia, 11, 14, 97, 100, 


120 

Cryptotis ? 

meadensis, 98 
cuneata, Rangia, 59, 115 
curta, Paludestrina, 53, 120, 132 
curvatum, Pisidium, 117, 132 
cyanellus, Lepomis, 97 
cyclophorella, Vallonia, 86 
cynodon, Sphaerium, 39, 117 
Cyprideis 

littoralis, 97 
Cyprinidae, sp., 97 
cyrenoides, Rangia, 58 
Cytherea 

parvula, 75-76, 117 
dalli, Amnicola, 24, 132 

Fossaria, 12, 94, 97, 100, 103, 123 


dallii, Payettia, 73, 77, 118 


compressum, Pisidium, 32, 37, 39, 42,  dealbatus, Bulimulus, 107, 109, 114, 
70, 73, 80, 86, 87, 117, 132 115 
compressum curvatum, Pisidium, 117 decursa, Melania, 717, 120 


158 DW: 


decurtata, Anodonta, ‘17 
deflectus, Gyraulus, 54 
Delavayidae, 7, 16, 128-130, 132 
Deltistes sp., 74 

Dendraster (Merriamaster), 49 


densestriata, Valvata humeralis, 118 


depressa, Ampullaria, 107 
Deroceras 

aenigma, 13, 94, 97, 100, 103, 127 
Desmana 

moschata, 14 
Diastichus 


macrodon, 14 
parvidens, 14 


diminuta, Lymnaea, 122 
dineana, Pseudosuccinea, 95, 123 
Dipoides 
rexvoadensis, 99 
Discus 
cronkhitei, 54, 86, 91 


disstoni, Planorbella, 107, 111-113, 115 
divaricatus, Cottus, 174 

diversidens, Borophagus, 99 

diversus, Scaphiopus, 98 
dorrisensis, Hannibalina, 
dubita, Anchylorana, 98 
dubius, Brachyopsigale, 99 


126 


dulcis, “Melania”, 130, 132 
durhami, Vorticifex, 42, 125 
duryi, Planorbella, 111 


duryi preglabrata, Planorbella, 114 
duryi seminole, Planorbella, 113, 115 
effosa, Elimia catenaria, 110, 119 
Goniobasis, 110 
Goniobasis catenaria, 
effusus, Vorticifex, 12 
electrina, Nesovitrea, 13, 97, 100 
eliasi, Bensonomys, 99 
Elimia 
catenaria effosa, 
effosa, catenaria, 110, 119 
ellipsostoma, Calipyrgula, 11, 120 
elodes, Lymnaea, 86, 89, 92, 94 
enaulus, Gyraulus, 124 
ephippium, Rana, 98 


110 


110, 119 


Equus sp., 38-39, 47 
occidentalis, 46, 52 
Eudocimus sp., 98 
Euglandina 
rosea, 109, 115 
Eumeces 


striatulatus, 98 


TAYLOR 


euzona, Nematurella, 39, 120 
exacuous kansasensis, Promenetus, 
14, 74, 80, 94, 97, 100, 105, 126 
exiguum, Carychium, 12, 97, 100, 122 
Pisidium, 117-118 
exilis, Lymnaea, 12, 97, 100, 123 
fayeae, Rana, 98 


1 


Felis 
lacustris, 75, 99 
vexvoadensis, 99 

Fenouilia, 128 

Ferrissia sp., 86, 89, 106 
meekiana, 12, 97, 100 
parallela, 12, 97, 100 
rivulavis, 12, 97, 100 


filocosta, Lymnaea, 39, 123 
fisheri, Pliogyps, 98 
flagellata innexa, Pomacea, 107, 109, 
115 
floridana, Strobilops texasiana, 115 
Fluminicola, 131-132 
coloradoense, 34, 132 
fusca, 33-34, 132 
modoci, 24, 132 
percarinata, 132 
perditicollis, 132 
pilula, 132 
puteana, 132 
siegfusi, 132 
spivalis, 132 
utahensis, yatesiana, 69, 121, 132 
yatesiana utahensis, 69, 121, 132 
Fontelicella sp., 55, 67 
idahoensis, 713 
longinqua, 11 
Fossaria Sp., 33 
dalli, 12, 94, 97, 100, 103, 123 
obrussa, 12, 86, 97, 100° 
fossilis, Lasiurus, 98 
foxt, Martes, 99 
franzenae, Gastrocopta, 10, 13, 97, 100, 
126 
Fulica americana, 98 
Fundulus sp., 97 
fusca, Fluminicola, 33-34, 132 
gabbiana, Corbicula, 39 


Gallinula 
chloropus, 14 
Gastrocopta 
armifera, 13, 97, 100 
chauliodonta, 126 
cristata, 12, 94, 97, 100, 103 
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franzenae, 10, 13, 97, 100, 126 
holzingeri, 13, 97, 100 
hordeacella, pellucida, 13, 97, 100 
paracristata, 13, 97, 100, 126 
pellucida hordeacella, 13, 97, 100 
pentodon, 115 

procera, 106 


rexvoadensis, 13, 97, 100, 127 
vupicola, 115 
scaevoscala, 13, 127 
tappaniana, 13, 94, 97, 100, 103 
gazini, Mustela, 75 
Geochelone 
vexvoadensis, 98 
riggsi, 98 
Geomys 


quinni, 99 
georgianus, Viviparus, 107, 109, 115 
gesteri, Vorticifex, 62-63, 66-67, 125 
gidleyi, Blarina, 14 

Neohipparion, 38 

Onychomys, 99 

Perognathus, 99 

Thomomys, 75 
Gnathodon 

lecontei, 58-59 

mendicus, 58 
Gonidea 

angulata subangulata, 117 

coalingensis, 11, 17, 19, 72, 117 

coalingensis cooperi, 117 

cooperi, coalingensis, 117 

malheurensis, 17, 19, 72, 73, 132 

subangulata, angulata, 117 
Goniobasis sp., 91-92 

calkinsi, taylori, 18 

catenaria effosa, 110 

effosa, 110 

rodeoensis, 39, 132 

taylori calkinsi, 18 
gouldi, Vertigo, 86 
gracilicosta, Vallonia, 
gracilis, Plegadis, 98 
grosvenori, Succinea, 91 
Gruidae, sp., 74 
Gyraulus 

annectans, 124 

circumstriatus, 42 

deflectus, 54 

enaulus, 124 

monocarinatus, 

multicarinatus, 


13, 80, 97, 100 


72, 80, 124 
72, 74, 124 


parvus, 12, 35, 54, 70, 74, 80, 86, 89, 
94, 97, 100, 103, 105, 106, 115, 124 
pleiopleurus, 39, 124 
gyrina, Physa, 14 
hagermanensis, Mylopharodon, 174 
Peromyscus, ‘15 
halieus, Pelecanus, 14 
hannai, Amnicola, 120 


Hannibalina, 1, 29, 133 
dorrisensis, 126 
Hawaiia 
minuscula, 13, 74, 84, 86, 91, 94, 97, 
100, 103, 106 
Helicodiscus 
parallelus, 13, 97, 100 
singleyanus, 13, 97, 100 
Helisoma, 131, 133 
(Helisoma), 131 
(Carinifex), 131, 133 
sp, oF 
anceps, 12, 35, 36, 97, 100 


binneyi, 7 
clewistonense, 113 
kettlemanense, 12, 124 
marshalli, 12, 125 
minus, 23 

newberryi, 23, 27, 63, 66 
ponsonbyi, 23 
sanctaeclarae, 
trivolvis, 89 
Helminthoglypta sp., 53 
hesperus, Machairodus? 75 
Heterodon 

plionasicus, 98 
heterostropha, Physa, 54 
hibbardi, Ambystoma, 98 


42, 44, 125 


Colinus, 98 

Olor, 14 

Vertigo, 12,97, 100, 101, 126 
hindsii, Lithoglyphus, 33-34, 36, 85-87, 

132 

hinkleyi, Lymnaea, 35, 36 
holzingeri, Gastrocopta, 13, 97, 100 
hopetonensis, Ampullaria, 107 
horatii, Valvata utahensis, 21, 132 


hordeacella, Gastrocopta pellucida, 13, 
97, 100 

houghterlingi, Anculopsis, 80, 119 
howelli, Citellus, 99 
humeralis, Valvata, 11, 21, 37, 46, 70, 
72, 73, 80, 86, 87 


humeralis densestriata, Valvata, 118 
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Hydrobia sp., 37 
andersoni, 11, 37, 120 
andersoni sterea, 120 
birkhauseri, 11, 120 
imitator, 53, 120, 132 
margaretana, 120 
sterea, andersoni, 120 
hypnorum, Aplexa, 86, 110 
Hypolagus 

limnetus, 75 
regalis, 99 


vetus, 75 

Ictalurus sp., 14 
benderensis, 97 
Idabasis, 41, 132 


idahensis, Phalacrocorax, 14 
Idahoella, 1, 8, 71, 133 
idahoense, Orygoceras, 13, 78, 118 
Sphaerium, 73, 76-77, 117, 132 
idahoensis, Canimartes? 5 
Fontelicella, 3 
Lymnaea, 68, 132 
Pliophenacomys, 15 
Pliopholyx, 73, 119 
Prodipodomys, 15 
Pseudemys, 74 
Sigmopharyngodon, 14 
imitator, “Hydrobia”, 53, 120, 132 
incerta, Valvata, 80, 118 
infuscatus, Phimosus, 98 
innexa, Ampullaria, 107 
Pomacea flagellata, 107, 109, 115 
inornatus, Pupoides, 13, 97, 100 
insigne, Pisidium, 11 
intermedius, Sigmodon, 99 
intermontana, Radix, 68-70, 132 
intertexta, Planorbella trivolvis, 113 
involutus, Brannerillus, 12, 123 
involutus praeposterus, Brannerillus, 
124 


involutus thremma, Brannerillus, 124 
io, Alabina, 53, 54, 122 

jacksonensis, Carinifex, 23 
jacksoni, Notiosorex, 98 


Juga, 39, 132 
(Calibasis), 41, 132 
(Idabasis), 41, 132 
(ига), 41, 132 
(Oreobasis), 41, 132 
spin! 230 
arnoldiana, 11, 119 
chrysopylica, 39, 119, 132 


kettlemanensis, 50, 119 
kettlemanensis woodringi, 11, 119 
Jullienia (Fenouilia), 128-130 
carinata, 129 
kreitneri, 129 
junturae, Radix, 68 
kansasensis, Biomphalaria, 9, 124 


Peromyscus, 99 

Pratilepus, 99 

Promenetus exacuous, 12, 14, 74, 80, 
94, 97, 100, 105, 126 

Trigonictis, 99 


kerri, Lymnaea, 123, 133 
kettlemanense, Helisoma, 12, 124 
Sphaerium, 11, 48, 72, 73, 117 
kettlemanensis, Anodonta, 11, 77, 117 
Juga, 50, 119 
Lithoglyphus, 50, 122 


kettlemanensis woodringi, Juga, 11, 119 
kingii, Lymnaea, 25, 27, 80, 83, 123 
Kinosternon sp., 74 
kirbyi, Lanx, 122 
klamathensis, Lanx, 30 
kolbi, Baiomys, 99 
kreitneri, Jullienia (Fenouilia), 129 
Lacunorbis, 7 
lacustre, Sphaerium, 86 
lacustris, Felis, 715, 99 
Porzana, “4 
Laevapex sp., 115 
Lanx sp., 30 
kirbyi, 122 
klamathensis, 30 
moribundus, 122 
Lasiurus 
fossilis, 98 
latrans, Canis, 15 
laxus, Vorticifex, 
lecontei, Gnathodon, 
Rangia, 55-61, 118 
Lepomis 
cyanellus, 97 
lepophagus, Canis, 99 
leptonyx, Megalonyx, 15 
leptostomus, Megalonyx, 99 
Leptoxis, 129 
lepusculus, Notolagus, 99 
Ligumia 
subrostrata, 11, 97, 100 
limatula, Lymnaea, 39, 123, 133 
limnetus, Hypolagus, 75 
Liomys 
centralis, 99 


125, 133 
58-59 
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Lioplax 
utahensis, 132 
Lithasia 
antiqua, 
Lithoglyphus, 
sp., 30, 31 
campbelli, 132 
hindsii, 33-34, 36, 85-87, 132 
kettlemanensis, 50, 122 
nuttallianus, 34 
occidentalis, 13, 77, 122 
sanmateoensis, 42, 122 
seminalis, 48 
superbus, 73, 122 
taliensis, 130 
turbiniformis, 24, 27, 132 
utahensis, 80, 122 
weaveri, 73, 122 
littoralis, Cyprideis, 97 
Littoridina 
woodringi, 130, 133 
longinqua, Fontelicella, 11 
lubrica, Cionella, 12, 97, 100 
Lutra 
piscinaria, 
Lymnaea sp., 


76, 122 
131-132 


75, 99 

31, 33, 35, 36, 42, 70, 

105 

alamosensis, 50, 123, 133 
albiconica, 7, 95, 123 

aperta, 115, 133 

barberi, 133 

caperata, 12, 94, 97, 100, 105 
contracosta, 39 

diminuta, 122 

elodes, 86, 89, 92, 94 

exilis, 12, 97, 100, 123 

filocosta, 39, 123 

hinkleyi, 35, 36 

idahoensis, 68, 132 

kerri, 123, 133 

kingii, 25, 27, 80, 83, 123 

limatula, 39, 123, 133 

macella, 123 
montanensis, 
occidentalis, 
palustris, 89 
parexilis, 123 

petaluma, 68 

veflexa, 12, 97, 100, 103, 105 
turritella, 123 
macella, Lymnaea, 123 
macer, Phalacrocorax, 14 


84, 86, 88-89 
74, 80 


Machaivodus ? sp., 99 
hesperus, 15 
Macroclemys 
temminckii, 98 
macrodon, Diastichus, 174 
macroura, Zenaidura, 98 
malheurensis, Gonidea, 17, 19, 72, 73, 
132 
Payettia? 68, 133 
Radix, 68, 133 
malleata, Carinifex newberryi, 23 
maltha, Ciconia, 74 
Mammut sp., 75 
adamsi, 99 
margaretana, “Hydrobia”, 120 
Margaritana 
subangulata, 117 
marshalli, Helisoma, 
Marstonia 
crybetes, 
Martes 
юж, 99 
meadensis, Cryptotis? 98 
Rana, 98 
meeki, Sphaerium, 
meekiana, Ferrissia, 
Megalonyx 
leptonyx, 75 
leptostomus, 99 
Megatylopus 
cochrani, 99 
meigsii, Physa, 
Stenophysa, 
Melania, 7 
sp., 91-92 
decursa, 71, 120 
dulcis, 130, 132 
taylori, 73, 76-77, 119-120, 130, 132 
taylori calkinsi, 119 
mendicus, Gnathodon, 58 


12, 125 


11, 14, 97, 100, 120 


78, 117, 132 
12, 97, 100 


110, 133 
107, 109-111, 115, 133 


Menetus sp., 70, 72, 74, 84-86, 89 
centervillensis, 12, 42, 72 
vanvlecki, 12, 50, 126 

Mephitis ? 


rexroadensis, 99 
Merriamaster, 49 
Mesembrinibis 

cayennensis, 98 
micra, “Payettia”, 
Micrarionta sp., 53 
Micromelaniidae, 7 
microstriata, Aplexa, 133 


80, 118 
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Stenophysa, 110, 133 
milium, Vertigo, 12, 94, 97, 100, 103 
minimus, Vorticifex, 80, 125 
minor, Nerterogeomys, 99 
Pliopotamys, 75 
minus, Helisoma, 23 
minuscula, Нашайа, 13, 74, 84, 86, 91, 
94, 97, 100, 103, 106 
modesta, Vertigo, 86 
modoci, Fluminicola, 
monocarinatus, Gyraulus, 
montanensis, Lymnaea, 
Stagnicola, 89 
moorei, Anchylorana, 98 
moribundus, Lanx, 122 
moschata, Desmana, 14 
Mulinia 
pallida, 59 


24, 132 
72, 80, 124 
84, 86, 88-89 


multicarinatus, Gyraulus, 12, 74, 124 
Murchisonia 

bilineata, 16 
muscorum, Pupilla, 86, 89 


Mustela sp., 99 
gazini, 75 
vexvoadensis, 99 
Mylocyprinus 
robustus, 174 
Mylopharodon, 17 
condonianus, 174 
hagermanensis, 74 


Namrutua, 39, 41, 132 
nanna, Paludestrina, 132 
Nannippus 


phlegon, 99 

nannus, Savaginius, 69, 80, 121, 130, 
132 

Natica? 

occidentalis, 
Natrix sp., 98 
Nebraskomys? sp., 99 

taylori, 75 
Nekrolagus 

progressus, 99 
Nematurella, 7 


75-76 


euzona, 39, 120 
Neohipparion 

gidleyi, 38 
Nerterogeomys 

minor, 99 
Nesovitrea 

electrina, 13, 97, 100 
Nettion 

bunkeri, 74, 98 


newberryi, Helisoma, 23, 27, 63, 66 
newberryi malleata, Carinifex, 23 
newberryi subrotunda, Carinifex, 23 
nicaraguana, Stenophysa, 109, 111 
Notiosorex 
jacksoni, 98 
Notolagus 
lepusculus, 99 
nuttalii, Anculotus, 34, 132 
nuttallianus, Lithoglyphus, 34 
obrussa, Fossaria, 12, 86, 97, 100 
obtusale, Pisidium, 86 
occidentalis, Carinifex, 23 
Equus, 46, 52 
Lithoglyphus, 13, 77, 122 
Lymnaea, 74, 80 
Natica 250. 15,716 
Odocoileus 
brachyodontus, 99 
Ogmodontomys 
poaphagus, 99 
Olor 
columbianus, 174 
hibbardi, 174 
Omalodiscus, 131 
pattersoni, 12, 14, 29, 74, 80, 86, 89, 
97, 100, 124 
Onychomys 
gidleyi, 99 
Ophisaurus attenuatus, 98 
oregonensis, Ptychocheilus, 174 
Valvata, 118, 132 
Oreobasis, 41, 132 
Oreohelix 
peripherica, 
subrudis, 91 
yavapai, 84, 86 
Orygoceras, 8, 71 
Spe 76 
arcuatum, 
crenulatum, 
idahoense, 713, 78, 118 
tricarinatum, 119, 132 
tuba, 13, 78, 119 
Orygoceratidae, 7,8, 16 
Otus sp., 98 
ovata, Vertigo, 94 
Oxyloma sp., 105 
barberi, 114, 133 
sanibelensis, 114-115, 133 
Pacifastacus ? 
breviforceps, 14 
chenoderma, 14 


84, 86, 91 


73, 78, 118, 132 
73, 78, 118 
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packardi corrugata, Parapholyx, 125 
packardi, Parapholyx, 31 
Vorticifex, 125 
Paenemarmota Sp., 
barbouri, 99 
pallida, Mulinia, 59 
Paludestrina 
curta, 53, 120, 132 
nanna, 132 
stokesi, 53 
paludosa, Pomacea, 107, 109, 115 
palustris, Lymnaea, 89 
Papyrotheca, 7,8 
paracristata, Gastrocopta, 


101 


134 97,100; 
126 
Paracryptotis 
хех, 98 
Parahodomys 
quadriplicatus, 99 
parallela, Ferrissia, 
parallelus, Helicodiscus, 
Paraplanorbis, 7, 32, 133 
condoni, 126 
Parapholyx, 131 
corrugata, packardi, 
packardi, 31 
packardi corrugata, 125 
parexilis, Lymnaea, 123 
partumeium, Sphaerium, 
parvidens, Diastichus, 14 
parvissima, Rana, 98 
parvula, Cytherea, 75-76, 117 
Vallonia, 13 
parvus, Gyraulus, 12, 35, 54, 70, 74, 
80, 86, 89, 94, 97, 100, 103, 105, 106, 
115, 124 
pattersoni, Omalodiscus, 12, 14, 29, 74, 
80, 86, 89, 97, 100, 124 


12, 97, 100 
13, 97, 100 


125 


11, 97, 100 


Payettia 
dallii;s. 73, 17, 118 
malheurensis, 68, 133 
micra, 80, 118 
Payettiidae, 7, 16, 127, 132 
sp: 30 
pearcet, Platygonus, 75 
pearlettensis, Perognathus, 99 
Pelecanus 
halieus, 14 


pellucida hordeacella, Gastrocopta, 13, 
97, 100 

pentodon, Gastrocopta, 115 

percarinata, Fluminicola, 132 


163 


percarinatus, Savaginius, 
perditicollis, Fluminicola, 
Savaginius, 121, 132 
perexiguum, Carychium, 
peripherica, Oreohelix, 
Perognathus sp., 75 
gidleyi, 99 
pearlettensis, 99 
rexroadensis, 99 
Peromyscus 
baumgarineri, 99 
hagermanensis, 15 
kansasensis, 99 
Perrinilla 
cordillerana, 45 
perspectiva, Vallonia, 
petaluma, Bulimnea, 
Lymnaea, 68 
petrolia, Scalez, 17, 20 
Phalacrocorax auritus, 14 
idahensis, 14 

macer, 14 

Phimosus 

infuscatus, 98 
phlegon, Nannippus, 99 


12%, 132 
132 


122 
84, 86, 91 


13, 97, 100 
7, 39, 123 


Phrynosoma 
cornutum, 98 
Physa sp., 29, 31, 37, 39, 86, 89, 93, 


105, 106, 115 
anatina, 93 
barberi, 
gyrina, 14 
heterostropha, 54 
meigsü, 110, 133 
Skinneri, 12, 97, 100, 105 
virgata, 12, 54, 55, 93, 94, 97, 100, 
103 
watisi, 12, 126 
physispira, Brannerillus, 
Pierosoma, 131, 133 
Pilsbryus, 132 
pilula, Fluminicola, 132 
Savaginius, 46, 121, 132 
piscinaria, Lutra, 75, 99 
Pisidium (Rivulina), 127 
Pisidium sp., 11, 31, 33, 36, 46, 67, 87, 
92 


12, 123-124 


abortivum exiguum, 118 

casertanum, 11, 42, 86, 87, 94, 97, 100 

compressum, 32, 37, 39, 42, 70, 73, 
80, 86, 87, 117, 132 

compressum curvatum, 117 
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compressum praecompressum, 118, “Platytaphius” 
132 chestermani, 124 
curvatum, 117, 132 Plegadis sp., 98 
exiguum, 117-118 gracilis, 98 
insigne, 11 pleiopleurus, Gyraulus, 39, 124 
obtusale, 86 plenus, Coretus, 38-39, 126 
praecompressum, compressum, 118, Plesippus sp., 49-50, 52 
132 shoshonensis, 75 
punctatum, 11, 17, 18, 72, 73, 80 simplicidens, 99 
supinum, Т, 11, 72, 73, 118, 132 Pliogyps 
ultramontanum, 26, 27, 31, 32 fisheri, 98 
woodringi, 73, 118 Pliomastodon 
Planorbarius, 132 vexillarius, 50 
Planorbella, 131, 133 plionasicus, Heterodon, 98 
(Pierosoma), 131, 133 Pliophenacomys 
(Pierosoma) sp., 42, 86, 89, 105 idahoensis, 75 
(Planorbella), 131, 133 primaevus, 99 
(Seminolina), 111, 131, 133 Pliopholygidae, 7, 16, 128, 132 
ammon, 54 Pliopholyx, 128 
californiensis, tenuis, 54 spis ig 
chapalensis, tenuis, 114 campbelli, 173, 77, 119, 132 
clewistonensis, 112-114, 125 idahoensis, 13, 119 
conantis) , 101; 111, 115 veesidei, 80, 119, 128 
disstoni, 107, 111-113, 115 Pliopotamys sp., 75 
duryi; LT minor, 15 
duryi preglabrata, 114 poaphagus, Ogmodontomys, 99 
duryi seminole, 113, 115 Podiceps sp., 114, 98 
intertexta, trivolvis, 113 Podilymbus sp., 74 
preglabrata, duryi, 114 Polygyra sp., 115 
scalaris, 111 rexvoadensis, 13, 97, 100, 127 
seminole, duryi, 113, 115 polynematica, Pyrgulopsis? 51, 121 
subcrenata, 29, 70 Pomacea 
tenuis californiensis, 54 flagellata innexa, 107, 109, 115 
tenuis chapalensis, 114 innexa, flagellata, 107, 109, 115 
trivolvis, 106 paludosa, 107, 109, 115 
trivolvis intertexta, 113 Pompholopsis 
valens, 114 planospiralis, 125 
wilsoni, 107, 111-113, 115, 125, 132 Pompholyx sp., 35 
Planorbifex, Т, 49 ponsonbyi, Helisoma, 23 
Planorbis Porzana 
scabiosus, 35, 126, 133 lacustris, 14 
trivolvis, 54 praecompressum, Pisidium compressum, 
tumidus, 54 118, 132 
vermicularis, 54 praeposterus, Brannerillus involutus, 
Planorbula 124 
campestris, 74, 86, 89-90 Pratilepus 
planospiralis, Pompholopsis, 125 kansasensis, 99 
platyceps, Valvata virens, 11 vagus, 75 
Platygonus prenticei, Ceratomeryx, 5 
bicalcaratus, 99 Rallus, 98 
pearcei, 15 pressus, Anser, 14 


platyrhynchos, Anas, 174 primaevus, Pliophenacomys, 99 
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primus, Cosomys, 15 
princeps, Stenophysa, 111 
Procamelus?sp., 75 
Procastoroides sp., 75 
sweeti, 99 
procera, Gastrocopta, 106 
Procyon 
vexvoadensis, 99 
Prodipodomys 
idahoensis, 75 
rexroadensis, 99 
progenes, Agriocharis, 98 
progressus, Nekrolagus, 99 
Urocyon, 99 
Promenetus 
blancoensis, 126 
exacuous kansasensis, 12, 14, 74, 80, 
94, 97, 100, 105, 126 
kansasensis, exacuous, 12, 14, 74, 80, 
94, 97, 100, 105, 126 
umbilicatellus, 12, 35, 36, 74, 80, 86, 
89, 92, 94, 97, 100, 103, 126, 133 
protea, Tryonia, 53-54, 133 
Pseudemys 
idahoensis, “4 
Pseudosuccinea 
dineana, 95, 123 
venusta, 70, 133. 
Psittacidae, sp., 98 
Ptychocheilus sp., 44 
oregonensis, 14 
punctatum, Pisidium, 11, 17, 18, 72, 73, 
80 
Pupilla 
muscorum, 86, 89 
Pupoides 
albilabris, 13, 94, 97, 100, 103 
inoynatus, 13, 97, 100 
puteana, Fluminicola, 132 
puteanus, Savaginius, 46, 51, 121, 132 
Pyramidula 
cronkhitei, 54 
Pyrgulopsis sp., 72, 73 
carinata, 173, 121 
polynematica, 51, 121 
tropidogyra, 42, 44, 121 
vincta, 11, 72, 121 
williamsi, 133 
quadriplicatus, Parahodomys, 99 
Querquedula sp., 74 
quinni, Geomys, 99 
Hadi, INT 


ampla utahensis, 
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25 


intermontana, 68-70, 132 


junturae, 68 


malheurensis, 68, 133 


utahensis, ampla, 
venusta, 133 
Rallus 
prenticei, 98 
Rana 
ephippium, 98 
fayeae, 98 
meadensis, 98 
parvissima, 98 


25 


rexroadensis, 98 


valida, 98 
Rangia 


cuneata, 59, 115 


cyrenoides, 58 
lecontei, 55-61, 


118 


reddingi, Catostomus, 14 
veesidei, Pliopholyx, 80, 119, 128 


Reesidella, 128 
reflexa, Lymnaea, 
regalis, Hypolagus, 
Reithrodontomys 


12, 97, 100, 103, 105 
99 


rexroadensis, 99 


wetmorei, 99 
Retinella 
rhoadsi, 13, 97, 


100 


wheatleyi, 13, 97, 100 


тех, Paracryptotis, 
rexroadensis, Bass 
Bufo, 98 
Citellus, 99 
Dipoides, 99 
Felis, 99 
Gastrocopta, 13 
Geochelone, 98 
Mephitis? 99 
Mustela, 99 


98 
ariscus, 99 


, 97, 100, 127 


Perognathus, 99 
Polygyra, 13, 97, 100, 127 


Procyon, 99 
Prodipodomys, 
Rana, 98 
Reithrodontomys, 
Sorex, 98 
Stegomastodon, 
Zapus sandersi, 
vexvoadi, Baiomys, 
Spilogale, 99 
rhoadsi, Retinella, 


99 
99 
99 
99 
99 


13, 97, 100 
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riggsi, Geochelone, 98 
vinkevi, Zapus, 99 
rivularis, Ferrissia, 
Rivulina, 127 
robustocondyla, Anchylorana, 98 
robustus, Mylocyprinus, 174 
Sceloporus, 98 
rodeoense, Cerithium, 39-40 
rodeoensis, Bittium, 39 
Goniobasis, 39, 132 
rosea, Euglandina, 109, 115 
rupestris, Ambloplites, 97 
rupicola, Gastrocopta, 115 
Salmo Sp., 74 
copei, 14 
sanctaeclarae, Helisoma, 42, 44, 125 
sandersi vexvoadensis, Zapus, 99 
sanibelensis, Oxyloma, 114-115, 133 
Succinea, 133 
sanmateoensis, Lithoglyphus, 
Savaginius, 7, 130, 132 
nannus, 69, 80, 121, 130, 132 
percarinatus, 121, 132 
perditicollis, 121, 132 
pilula, 46, 121, 132 


12, 97, 100 


42, 122 


puteanus, 46, 51, 121, 132 

siegfusi, 121, 132 

spiralis, 11, 51, 121, 132 

williamsi, 48, 121, 133 

yatesianus, 11, 37, 42, 44, 48, 121, 

133 

scabiosus, Planorbis, 35, 126, 133 
scaevoscala, Gastrocopta, 13, 127 
scalaris, Planorbella, 111 
Scalez, 77, 49 

sp., 17, 20 

petrolia, 17, 20 
Scaphiopus 

diversus, 98 
Sceloporus 

robustus, 98 
Scolopacidae, sp., 98 
seminalis, Lithoglyphus, 48 
seminole, Planorbella duryi, 113, 115 


Seminolina, 111, 131, 133 
Semisulcospira, 130 
Semisulcospirinae 7 
serpentina, Chelydra, 98 
sexlineatus, Cnemidophorus, 98 
shoshonensis, Catostomus, 14 
Plesippus, 75 

siegfusi, Fluminicola, 132 


Savaginius, 121, 132 
Sigmodon 
intermedius, 99 
Sigmopharyngodon 
idahoensis, 14 
simplicidens, Plesippus, 99 
Symmetrodontomys, 99 
singleyanus, Helicodiscus, 13, 97, 100 
skinneri, Physa, 12, 97, 100, 105 
Sorex 
rexroadensis, 98 
taylori, 98 
sparsicostata, Strobilops, 13, 97, 100, 
127 
spatulus, Titanotylopus, 99 
speciosus, Bufo compactilis, 98 


Speotyto sp., 74, 98 

Sphaerium sp., 30, 31, 42, 76 
cooperi, 117, 132 
cynodon, 39, 117 
idahoense, 73, 76-77, 117, 132 
kettlemanense, 11, 48, 72, 73, 117 
lacustre, 86 
meeki, 718, 117, 132 
partumeium, 11, 97, 100 
striatinum, 11, 46, 55, 72, 73, 80, 86, 

117, 132 

sulcatum, 11, 97,100 

Spilogale 


rexroadi, 99 
spiralis, Fluminicola, 132 


Savaginius, 11, 51, 121, 132 
Stagnicola 

montanensis, 89 
Stegomastodon 

vexvoadensis, 99 
Stenophysa, 110, 133 

aurantia, 111 

meigsii, 107, 109-111, 115, 133 

microstriata, 110, 133 

nicaraguana, 109, 111 


princeps, 111 
sterea, Hydrobia? andersoni, 120 
Sterna sp., 98 
stewartiana, Calipyrgula, 
stokesi, Paludestrina, 53 

Tryonia, 53-54, 122, 133 
Streblus 

beccarü, 91 
striatinum, Sphaerium, 11, 46, 55, 72, 

73, 80, 86, 117, 132 

striatulatus, Eumeces, 98 


11, 120 
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Strobilops 
floridana, texasiana, 115 
sparsicostata, 13, 97, 100, 127 
texasiana floridana, 115 
subangulata, Anodonta angulata, 117 
Gonidea, 117 
Margaritana, 117 
subcrenata, Planorbella, 29, 70 
subrostrata, Ligumia, 11, 97, 100 


subrotunda, Carinifex newberryi, 23 
subrudis, Oreohelix, 91 
Succinea sp., 13, 70, 86, 91, 94, 97, 100, 
103, 106, 115 
avara, 91 
grosvenori, 91 
sanibelensis, 133 


sulcatum, Sphaerium, 11, 97, 100 
superbus, Lithoglyphus, 13, 122 
supinum, Pisidium, 1, 11, 72, 73, 118, 
132 
suspectus, Bufo, 98 
sweeti, Procastoroides, 210 
Symmetrodontomys 
simplicidens, 99 
taliensis, Lithoglyphus, 130 
Tanupolama 
blancoensis, 99 
Tanupolama? sp., 75 
tappaniana, Gastrocopta, 13, 94, 97, 
100, 103 


Taxidea 
taxus, 99 
taxus, Taxidea, 99 


taylori, “Melania”, 13, 76-77, 119-120, 


130, 132 
Nebraskomys? 5 
Sorex, 98 
taylori calkinsi, “Goniobasis”, 78 
“Melania”, 119 


techella, Bakerilymnaea bulimoides, 
94, 97, 100, 103, 105, 122 

temminckii, Macroclemys, 98 

tenuis californiensis, Planorbella, 54 


12, 


tenuis chapalensis, Planorbella, 114 
texasiana floridana, Strobilops, 115 
Thamnophis sp., 74, 98 
Thiaridae, 7 
Thomomys 

gidleyi, 75 
thremma, Brannerillus involutus, 124 


Titanotylopus 
Spatulus, 99 
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tricarinatum, Orygoceras, 119, 132 
Trigonictis 

kansasensis, 99 
trivolvis, Helisoma, 89 

Planorbella, 106 

Planorbis, 54 
trivolvis intertexta, Planorbella, 113 
tropidogyra, Pyrgulopsis, 42, 44, 121 
tryoni, Vorticifex, 7, 35, 36, 70 
Tryonia sp., 48 

protea, 53-54, 133 

stokesi, 53-54, 122, 133 
tuba, Orygoceras, 713, 78, 119 
tumidus, Planorbis, 54 
turbiniformis, Lithoglyphus, 
Turritella 

bilineata, 75-76, 120 
turritella, Lymnaea, 123 
ultramontanum, Pisidium, 26, 27, 31, 32 
umbilicatellus, Promenetus, 12, 35, 36, 

74, 80, 86, 89, 92, 94, 97, 100, 103, 

126, 133 


24, 27, 132 


Urocyon 
progressus, 99 
Ursidae, sp., 75 
utahensis, Anculopsis, 
Fluminicola yatesiana, 
Lioplax, 132 
Lithoglyphus, 80, 122 
Radix ampla, 25 
Valvata, 17, 21, 48, 132 
Vorticifex, 80, 125 
utahensis horatii, Valvata, 
vagus, Pratilepus, 75 
valens, Planorbella, 114 
valida, Rana, 98 


80, 119, 132 
69, 121, 132 


21, 132 


Vallonia 
cyclophorella, 86 
gracilicosta, 13, 80, 97, 100 
parvula, 13 
perspectiva, 13, 97, 100 
Valvata sp., 30, 32, 33, 36, 66 
calli, 66, 118 
densestriata, humeralis, 118 
horatii, utahensis, 21, 132 
humeralis, 11, 21, 37, 46, 70, 72, 73, 
80, 86, 87 
humeralis densestriata, 118 
incerta, 80, 118 
oregonensis, 118, 132 


platyceps, virens, 11 
utahensis, 17, 21, 48, 132 
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utahensis horatii, 21, 132 
virens platyceps, 11, 118 
whitei, 118, 132 

vanvlecki, Menetus, 12, 50, 126 


venusta, Pseudosuccinea, “0, 133 
Radix, 133 

vermicularis, Planorbis, 54 
Vertigo sp., 115 

gouldi, 86 


hibbardi, 12, 97, 100, 101, 126 


milium, 12, 94, 97, 100, 103 
modesta, 86 
ovata, 94 


vetus, Hypolagus, 75 
vexillarius, Pliomastodon, 50 
vincta, Pyrgulopsis, 11, 72, 121 
virens platyceps, Valvata, 11, 118 
virgata, Physa, 12, 54, 55, 93, 94, 97, 
100, 103 

Viviparus 

georgianus, 107, 109, 115 
Vorticifex, 131 

Sp., 131,32, 89 


binneyi, 31 

condoni, 125 
durhami, 42, 125 
effusus, 12 

gesteri, 62-63, 66-67, 125 
laxus, 125, 133 
minimus, 80, 125 
packardi, 125 
tryoni, 7,35, 36, 70 
utahensis, 80, 125 
whitei, 45-46, 125 


wahlamatensis, Anodonta, 
wattsi, Physa, 12, 126 
weaveri, Lithoglyphus, 73, 122 
wetmorei, Reithrodontomys, 99 
wheatleyi, Retinella, 13, 97, 100 
whitei, “Aphanotylus”, 73, 78, 118 
Valvata, 118, 132 
Vorticifex, 45-46, 125 
williamsi, Pyrgulopsis, 133 
Savaginius, 48, 121, 133 
wilsoni, Planorbella, 107, 111-113, 115, 
125, 132 
11,119 


37, 40, 42-44 


woodringi, Juga kettlemanensis, 


Littoridina, 130, 133 
Pisidium, 73, 118 
Zetekina, 12, 121 


yatesiana, Amnicola, 133 

yatesiana utahensis, Fluminicola, 69, 
121, 132 

11, 37, 42, 44, 

48, 121, 133 

84, 86 


yatesianus, Savaginius, 


yavapai, Oreohelix, 
Zapus 
vexvoadensis, sandersi, 99 
rinkeri, 99 
sandersi rexroadensis, 99 


Zenaidura 
macroura, 98 
Zetekina, 7 
woodringi, 12, 121 
Zonitoides 
arboreus, 13, 55, 97, 100, 106 
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RESUMEN 


SUMARIO DE LOS MOLUSCOS NORTEAMERICANOS CONTINENTALES 
DE EDAD BLANCAN 


D. W. Taylor 


Todos los moluscos continentales conocidos en Norte America de edad Blancan 
(Plioceno superior y Pleistoceno inferior) se ubican aqui dentro del sistema hasta 
ahora disponible de fosiles asociados, estratigrafia fisica, у edades del potasio- 
argon radiogénico. Muchos de los conjuntos independientes de estos moluscos son tan 
similares a otras faunas, que la mayoria de los fosiles se pueden asignar confiadamente 
a la edad Blancan. Esta asignación permite compilar listas de las últimas apariciones 
de géneros y familias, desconocidos durante o después del Blancan. Se conocen 
alrededor de 50-55 conjuntos del Blancan. y junto con otras 10-15 faunas más antiquas 
o más modernas incluídas por conveniencia en nuestra discusión, se sumarizan bajo 
57 denominaciones geográficas locales (mapa, Fig. 1). 

Para cada conjunto los siguientes datos se suministran, en lo posible: posición, 
previas referencias a moluscos, unidades estratigráficas y mapas geológicos más 
recientes, número de especies, mención de otros fósiles de la misma localidad o 
formación, edad, institución donde los fósiles se conservan, y más recientes mapas 
topográficos. El tratamiento en detalle varía ampliamente, de acuerdo a la informa- 
ción disponible, progreso de los conocimientos desde la literatura antecedente, y el 
grado de utilidad de las nuevas informaciones. Listas de especies son incluidas 
sólo si la fauna es revisada o registrada por primera vez, pero las referencias a 
trabajos previous intentan ser completas. 

Las faunas Blancan de la región de los Grandes Llanos (Nebraska, Kansas, Okla- 
homa, Texas), y de Arizona, generalmente son similares e incluyen muchas especies 
de amplia distribución. Cambios Blancan y post-Blancan en moluscos se debieron a 
la progresiva extinción de relativamente pocas especies, y a cambios de distribución 
en especies existentes causados por otros en el habitat local y clima regional. 

Las faunas Blancan del oeste (California, Oregon, Idaho, Nevada, Wyoming) son 
substancialmente diferentes unas de otras y también de las vivientes. Incluyen muchas 
especies y géneros extinguidos y algunas familias regionalmente extintas en N. 
América pero que sobreviven en otras partes, asi como algunas familias completa- 
mente extinguidas. Los cambios de los moluscos Blancan en el oeste de los Estados 
Unidos se debieron a alguna evolución local, y a la terminación de sus linajes. Cam- 
bios en el post-Blancan fueron causados por extinción drástica, asociada con el 
vaciamiento o relleno de las cuencas palustres, vulcanismo, cambio en los sistemas 
de drenaje, climáticos, y amplios cambios topográficos. En contraste con los del 
tiempo Blancan, los moluscos actuales, salvo escasas excepciones, no se reducen 
a una cuenca única: antiguamente, el endemismo local era una caracteristica de la 
mayoría de las faunas occidentales. 

La malacofauna fluvial viviente al este y oeste de la divisoria continental, muestran 
contrastes como los de la fauna Blancan. Hacia el este hay especies de más amplia 
distribución, sin formas endémicas locales, pero al oeste hay amplitud de formas 
endémicas. El límite del endemismo local Reciente en Utah y oeste de Wyoming 
(mapa, Fig. 2) corresponde, aproximadamente, al límite oriental en la región de los 
depósitos Blancan (Fig. 1). Esta correlación junto con datos de las faunas Blancan 
soporta dos proposiciones que se aplican a los moluscos fluviales de Norte América 
en general y quizá a los de todas partes: (a) especies de amplios habitats tienen 
relativamente amplia distribución geográfica: (b) actividad tectónica provoca di- 
ferenciación taxonómica. En el oeste de Norte America, las diferencias entre las 
faunas Blancan de las cuencas locales son tan grandes, que en el presente estado de 
nuestros conocimientos un cuadro claro no es evidente. Lo mas cercano a un cuadro 
regional es la presencia de especies comunes, o estrechamente relacionadas, al sur 
de Idaho y el Valle San Joaquín de California. Esta afinidad está mostrada por 
especies Blancan y post-Blancan y hasta por unas pocas formas vivientes. Es de 
presumir que existió una antiqua conexión fluvial entre las dos areas: si tal fué, 
esta era de edad medio-Pliocena, como que esa es la edad de los más antiguos fósiles 
y las faunas Blancan eran substancialmente diferentes. 
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El tipo de distribuciön geogräfica, a la cual la pluralidad de los moluscos fluviales 
que viven en el oeste estä relacionada, tiene groseramente la forma de un anzuelo 
rodeando, y cercano, a los bordes norte y oeste de la Gran Cuenca (Great Basin) 
(Fig. 7). Mayor nümero de fösiles Blancan tienen afinidades con este “anzuelo” que 
con el cuadro de Idaho-California. Asi parece que los acontecimientos Blancan 
o inmediatamente pre-Blancan, reformaron el drenaje, y la distribuciön de los 
moluscos para formar ese cuadro anzueloide, y que la fauna moderna retiene una 
marcada estampa de esos cambios. 

Se incluye una lista de todas las especies nominales descriptas de las localidades 
discutidas en el texto, y todas las especies estinguidas descriptas sobre ejemplares 
de edad Blancan, у unas pocas de antigledad mayor о menor. Los datos provistos 
para cada uno de los 140 nombres incluyen referencia a la descripciön original, 
ubicaciön geografica y geologica revisada, localidad tipica y sinonimia. Estas es- 
pecies se catalogan en un esquema de clasificación que envuelve un número de 
cambios jerarquicos, asignaciön genérica y sinonimia que no esta explicitamente 
discutida pero que figura en la sección “Cambios Taxonómicos”. Sólo unos pocos 
taxa nuevos han sido propuestos, todos en gastrópodos. Ellos incluyen Pliopholygidae 
nueva familia (Viviparacea), Calibasis, Oreobasis, e Idabasis, tres géneros nuevos 
de Juga (Pleuroceridae); y Savaginius nuevo género (Hydrobiidae). 


ABCTPAKT 


БЛАНКАНСКИЕ НЕМОРСКИЕ МОЛЛЮСКИ СЕВЕРНОЙ АМЕРИКИ 


MA ВАЗ йпор 


В этой работе рассматриваются все известные в настоящее время Северо- 
Американские не-морские моллюски Бланканского возраста (поздний Плиоцен-- 
ранний Плейстоцен), а также привлекаются все доступные данные, касающиеся 
связанных с ними других ископаемых форм, данные по физической стратиграфии 
и по определению возраста с помощью метода радиоактивных изотопов калия 
и аргона. 

Многие из моллюско вых комплексов, датированные независимо от 
других, настолько близки к другим MayHaM, что в целом большая часть 
ископаемых форм может быть уверенно отнесена к Бланканскому возрасту. 

Это позволило составить списки последних по времени находок тех родов 

и семейств, которые уже неизвестны в Бланканских или в более поздних 
отложениях. В настоящее время известно около 50-55 комплексов Бланкан- 
ского времени; вместе с 10-15 другими, более древними или более молодыми 
фаунами (привлеченными для удобства обсуждения), они составляют в сумме 
около 57 локальных географических пунктов (карта, рис. 1). 

Для каждого локального комплекса приводятся, по возможности, все 
следующие данные: местоположение, прежние указания на моллюсков, 
стратиграфическая характеристика и наиболее современные геологические 
данные (карты); указывается количество видов моллюсков, приводятся 
упоминания о других ископаемых формах из этого же места или Фации, 
возраст; название учреждения, где хранятся образцы, а также приводятся 
наиболее современные топографические данные (карты). 

Детали исследования значительно меняются в зависимости от доступной 
информации, от новых научных достижений по сравнению с прежними данными 
и от качества получаемых новых данных. Списки видов обычно приводятся 
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лишь в случае ревизии фауны или если она указывается в работе впервые; 
ссылки на прежние работы можно считать достаточно полными. 

Бланканская фауна района Великих Равнин (Небраска, Канзас, Оклахома, 
Техас) и Аризоны в общем сходна и включает, главным образом широко- 
распространенные ныне-живущие виды. Изменения в составе Фауны моллюсков 
Бланканского и после-Бланканского времени произошли, главным образом 
благоларя прогрессирующему вымиранию относительно немногих видов, а 
также благодаря изменению распространения современных видов, вызванному 
изменениями климата и местных условий. 

Бланканские фауны из западных районов США (Калифорния, Орегон, 
Айдахо, Невада, Юта, Вайоминг) значительно отличаются одна OT другой и 
от ныне-живущей фауны. Они содержат много вымерших видов и родов, 
некоторые семейства, вымершие в отдельных районах Северной Америки, но 
сохранившиеся в других каких нибудь местах, а также некоторые семейства, 
в настоящее время вымершие полностью. Изменения в Бланканской фауне 
моллюсков на западе США произошли, как вследствие местной эволюции фауны, 
так и вследствие вымирания поколений. Изменения этой Фауны в после- 
Бланканское время произшли, главным образом вследствие резкого отмирания, 
связанного с высыханием или наполнением озерных бассейнов, с вулканизмом, 
с переменами мест дренажа почвы, с широкими колебаниями климата и 


изменениями в топографии местности. 
В противоположность Бланканскому времени, ныне-живущие моллюски 


слабо-приурочены к какому нибудь одному озерному бассейну; наблюдавшийся 
ранее локальный эндемизм был характерен для большинства западных фаун. 

Современная фауна пресноводных моллюсков, обитающих к востоку и к 
западу от континентального водораздела, резко отличается oT Фауны 
Бланканского времени. На востоке обитают более широко-распространенные 
виды, не имеющие локальных эндемичных форм, на западе же последние имеют 
широкое распространение. Восточная граница распространения современных 
локальных эндемиков в Юта и западном Вайоминге (карта, рис. 2), примерно 
соответствует восточной границе распространения Бланканских отложений 
(рис. 1). Такая корреляция, вместе с данными по Бланканским Фаунам 
подтверждает два предположения, которые можно отнести к пресноводным 
моллюскам Северной Америки вообще (а может быть и к другим районам их 
обитания): а (что виды, связанные с широко-распространенными биотопами 
имеют и относительно широкое географическое и геологическое распространение, 
и 6) что тектоническая активность способствует таксономической 
дифференциации Форм. 

В западной части Северной Америки различия между Бланканскими 
фаунами, обитающими в отдельных локальных бассейнах так велики, что при 
современном состоянии их изученности еще нельзя получить ясного 
представления об их особенностях. 

Наиболее близкое представление о региональных особенностях 
заключается в данных о встречаемости общих или близко-родствкнных видов 
Южном Айдахо и в долине Сан-Вакин, Калифорния. Такая близость намечается 
по Бланканским и до-Бланканским и даже по нескольким ныне-живущим видам. 
Можно думать, что оба района прежде соединялись между собой системой; 
если это так, то это могло быть примерно в среднем Плиоцене, поскольку 
таков возраст самых древних, имеющих к этому отношение, ископаемых Форм, 
от которых Бланканские фауны существенно отличаются. 

Система географического распространения, к которой большая часть 
ныне-живущих западно-американских пресноводных моллюсков имеет отношение, 
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представляет собой, грубо говоря, изогнутую полосу в Форме рыбодовного крючка 
располагающуюся как внутри, так и близко к северной и западной окраинам 
Великого Бассейна (рис. 7). Внутри этой полосы Бланканские 

ископаемые фауны имеют между собой больше сходства, чем внутри системы 
Айдахо-Калифорния. 

Отсюда видно, события, имевшие место в Бланканское или в близкое 
до-Бланканское время, перераспределили дренаж и распространение 
моллюсков, после чего оно и приобрело общую систему, ввиде рыбодовного 
крючка и современная Фауна еще носит на себе ясные следы этих изменений. 

В дополнительных материалах к статье имеется список всех 
поименованных видов, которые были описаны из местообитаний, ис- 
пользованных в работе: включены все вымершие виды, описанные по 
экземплярам Бланканского возраста, а также немного более древние и 
молодые. Для каждого из 140 видовых названий приводится ссылка Ha 
первое описание, проверенное географическое и геологическое положение 
типичного местонахождения, местонахождение типа вида и синонимы. 

Список видов дается в систематическом порядке, с указанием многих 
перемен их положения в системе, в родовой принадлежности и синонимии; 
все это излагается в разделе "Таксономические изменения", без подробного 
обсуждения. 

Для бргохоногих было предложено несколько новых таксонов: новое 
семейство Pliopholygidae (Viviparacea) ; 3 новых подрода рода Juga (Pleuroceridae): 
Calibasis, Oreobasis и Idabasis; новый род Savaginius (Hydrobiidae). 
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FIVE ILLINOIAN MOLLUSCAN FAUNAS FROM THE 
SOUTHERN GREAT PLAINS!,2 


Barry B. Miller 


Department of Geology, Kent State University 
Kent, Ohio, U.S. A. 


ABSTRACT 


The mollusks from 5 late Cenozoic (Illinoian) assemblages in the southwestern 
Kansas-northwestern Oklahoma area: the Berends local fauna, of Beaver County, 
Oklahoma; the Doby Springs local fauna, of Harper County, Oklahoma; and the 
Adams, Butler Spring and Mount Scott local faunas, of Meade County, Kansas, 
are listed. 

A summary of information consisting of geologic range, distribution and 
ecology is given for all of the mollusks in the Mount Scott and Doby Springs local 
faunas, and for previously unreported species from the Berends, Adams and 
Butler Spring local faunas. 

Taxonomic changes include assignment of Promenetus exacuous and Pro- 
menetus kansasensis toa single species complex. There is no satisfactory way 
of separating these 2 “species” in Recent and fossil populations that contain in- 
dividuals with both riblet and non-riblet type surface ornamentation. The riblet 
type is designated Promenetus exacuous form kansasensis and the non-riblet 
form Promenetus exacuous form exacuous. 

Interpretation of these molluscan assemblages is predicated on the assumptions 
that climatic factors are the primary agents controlling the distribution of non- 
marine mollusks; that fossil shells similar to those of living species represent 
the same species and were subject to the same limiting factors; and that the 
areas in the Great Plains presently containing associations of mollusks most 
similar to those found in these fossil assemblages, probably closely simulate 
the climatic conditions that existed at the time these fossils lived. Recon- 
struction of local habitat and climatic conditions under which these faunas lived 
has been based on a synthesis of information obtained from the fossil mollusks, 
pollen and vertebrates. In no case have interpretations based on the mollusks 
conflicted with conclusions reached independently from other fossil data. 

The 5 Illinoian assemblages show compositional differences that are probably 
related to climatic changes during the Illinoian. The relatively large number of 
species with predominantly northern distributions, together with the low repre- 
sentation of exclusively southern faunal elements, indicate that the Doby Springs 
local fauna represents the coolest of the assemblages studied, and probably lived 
during maximum ПИпо!ап glaciation. The Mount Scott local fauna contains a 
greater number of species with southern distributions than any of the other 
faunas studied, suggesting that it represents the warmest of these Illinoian 
faunas. There is no evidence inthis area indicatingthat these faunas lived during 
more than one substage. Assuming that the transition from maximum glacial 
conditions, represented by the Doby Springs local fauna, towards warmer inter- 
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glacial conditions, represented by the Mount Scott local fauna, was unidirectional, 
then the climatic conditions implied by the Adams and Butler Spring assemblages 
must have occurred sometime between the time represented by the Doby Springs 
and Mount Scott local faunas. The first and last appearances of molluscan 
species and climatic implications of the Berends local fauna suggests that this 
assemblage is probably the oldest of these 5 Illinoian faunas. 

The Berends assemblage contains 45 species of mollusks, 15 of which are 
new to this local fauna. One species, Sphaerium securis, represents the first 
fossil occurrence of this species from the southern Plains. This fauna lived in 
and around the margin of a small, shallow lake where the vegetation cover 
probably consisted mainly of conifers, grasses and composites, with only 
scattered patches of deciduous trees. The climate at the time this assemblage 
lived was probably similar to that presently occurring in the northeastern Neb- 
raska-northwestern Iowa region of the Great Plains. 

The Doby Springs local fauna contains 59 species of mollusks, one of which, 
Vertigo elatior is recorded for the first time as a fossil in the southern Plains. 
The mollusks indicate the existence of a cool, upstream lake, bordered by a 
marsh containing cattails, sedges and scattered deciduous and coniferous trees, 
which graded into a better drained shrub and tree community further back from 
the lake. The inferred former local climate combined shorter, cooler summers, 
with winters that were slightly cooler and longer than those presently prevailing 
in this region. 

The Adams molluscan assemblage contains 22 species, one of which, Lasmi- 
gona complanata is first recorded as fossil from this area. The medium to 
coarse, cross-bedded sands from which the fauna was recovered, together with 
the occurrence of molluscan species requiring continuity of aquatic habitat, in- 
dicate the existence of a stream. The presence of only 1 woodland species 
among the terrestrial gastropods suggests that there was only a thin covering of 
trees and shrubs. The climate probably combined winters perhaps no more 
severe than those presently occuring in northeastern Nebraska, with cooler, 
more moist summers, similar to those in the Dakotas and eastern Montana. 

There are 54 species of mollusks in the Butler Spring local fauna, one of 
which, Ligumia cf recta, is new to the southern Great Plains. This fauna lived 
in or near a medium sized river, with a slow to moderate current and a probable 
depth of several feet. There were scattered groups of trees along the river, but 
the predominant vegetation consisted of grasses and shrubs. The climate 
suggested by the assemblage consisted of cooler summers, similar to those now 
occurring in the eastern North Dakota region. Winters were probably no more 
severe than those in northcentral Nebraska. 

The Mount Scott molluscan fauna, containing 63 species, is the largest such 
assemblage known from the southern Plains. It contains the only fossil record of 
Zonitoides nitidus from the Great Plains. Sedimentary and paleontologic evi- 
dence indicate that 5 major habitat associations are represented. The climate 
at that time probably combined summers similar to those now occurring in the 
Lake Okoboji region of northwest Iowa, with winters no more severe than those 
in the northeast Kansas-southeast Nebraska area. 
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intervals have been recognized in the 
Meade County area, which are believed 
to correlate with the Nebraskan-Kansan- 
Illinoian-Wisconsin glacial and Aftonian- 
Yarmouth-Sangamon interglacial stages 
in the classical Mississippi Valley 
sequence. 

The washing technique developed by 
Hibbard (1949b) has made possible the 
recovery of extensive collections of 
fossils which have included ostracods, 
mollusks, fishes, amphibians, reptiles, 
birds and mammals. Detailed study of 
the pollen associated with these faunas 
has recently been undertaken by Kapp 
(1965). Some of these groups have 
barely been studied, while others have 
been fairly intensively described and 
illustrated. In this respect the mollusks 
from these faunas are comparatively 
well known. With the exception of the 
Deer Park and Borchers local faunas, 
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FIG. 1. Late Cenozoic stratigraphic sequence and faunal succession in southwestern Kansas- 
northwestern Oklahoma. 


mollusks have usually been among the 
most abundant fossils recovered from 
these assemblages. The shells of fossil 
mollusks often provide the character- 
istics upon which specific diagnoses are 
based. Interpretations of the Illinoian 
assemblages considered in this report 
are predicated upon the uniformitarian 
assumption that fossil shells similar to 
those of living Species represent the 
same species and were subject to the 
same limiting factors. Conclusions 
based on the molluscan elements of the 
faunas in all cases are consistent with 
the interpretations reached from study 
of the pollen and other animal groups. 

This paper is concerned primarily 
with the description andinterpretation of 
the hitherto incompletely reported late 
Illinoian molluscan assemblages from 
the Mt. Scott and Doby Springs local 
faunas. A map and description of the 


surficial geology of the portion of the 
Big Springs Ranch, Meade County, Kan- 
sas, from which the Mt. Scott local 
fauna was collected, is also included. 
New materials from the other Illinoian 
assemblages of this area, the Berends, 
Adams and Butler Spring local faunas, 
which have become available sincethese 
local faunas were reportedonby Hibbard 
& Taylor (1960), have required certain 
emendations which are presented herein. 

The interpretation of the paleoecology 
of these faunas is based on a synthesis 
of evidencefromfossilpollen, vertebrate 
and invertebrate faunas and sedimentary 
characters. 


FAUNAL DISCUSSION 
Introduction 


The climatic and stratigraphic signifi- 
cance of the Mount Scott and Doby Springs 
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local faunas is perhaps most readily 
shown by comparison with other Illinoian 
faunas from the southwest-Kansas north- 
west-Oklahoma area. This section ofthe 
report, therefore, also includes dis- 
cussion ofthe Berends, Adams and Butler 
Spring local faunas. These five assem- 
blages show compositional changes which 
seem best explained by assuming 
climatic change. Evidence presented 
below suggests that the Doby Springs and 
Mount Scott local faunas represent the 
coolest and warmest climatic conditions 
in this sequence of faunas, respectively. 
Although several stadial-interstadial in- 
tervals probably occurred during the 
Illinoian, there is no evidence in this 
area indicating that these assemblages 
lived during more than one substage. 
The Doby Springs local fauna probably 
lived earlier in this interval, sometime 
near maximum glacial conditions, while 
the Mount Scott local fauna lived later 
in the Illinoian after the climate had 
started to change towards warmer inter - 
glacial conditions. Ifthistransitionfrom 
maximum glacial towards warmer inter- 
glacial conditions was unidirectional, 
then the climatic conditions implied by 
the Adams and Butler Spring local faunas 
probably occurred sometime after the 
Doby Springs local fauna lived, but be- 
fore the time represented by the Mount 
Scott local fauna. This faunal sequence 
is also suggested by the first and last 
appearances of molluscan species. The 
mollusks of the Berends local fauna 
suggest slightly warmer climatic con- 
ditions than those represented by the 
glacial maximum Doby Springs assem- 
blage. At the present time it is not 
certain whether this warmer interval 
occurred before or after maximum 
Illinoian glaciation. 


Berends Local Fauna 


Previous Work. The Berends local 
fauna is known from secs 5 and6, T 5 М, 
R 28 E, Beaver County, Oklahoma. It 
was recovered from a dark silty inter- 
val in a sequence of sediments that 
accumulated as a series of late Pleisto- 


cene sink-hole deposits, after collapse 
of the underlying Crooked Creek for- 
mation. The fauna collected from these 
sediments has been summarized by 
Hibbard & Taylor (1960: 55-57) from 
previous reports (Herrington & Taylor, 
1958; Hibbard, 1956b; Mengel, 1952; 
Rinker & Hibbard, 1952; Smith, 1954, 
1958; Starrett, 1956; Taylor, 1954; 
Taylor & Hibbard, 1955). Kapp (1965) 
has recently analysed the pollen from 
the Berends local fauna locality. Four- 
teen species of mollusks, hitherto un- 
reported from this fauna, were re- 
covered from matrix collected during the 
summer of 1959 by University of 
Michigan Museum of Paleontology field 
parties. 


Faunal List, Berends Local Fauna: 


CLASS PELECYPODA 
Order Teleodesmacea 


Sphaerium lacustre (Müller) 

*S, securis Prime 
S. sulcatum (Lamarck) 

*S, transversum (Say) 
Pisidium casertanum (Poli) 
P. compressum Prime 
P. nitidum Jenyns 
P. obtusale (Lamarck) 

*P. variabile Prime 


CLASS GASTROPODA 
Order Mesogastropoda 


Valvata tricarinata (Say) 
Order Basommatophora 


*Carychium exiguum (Say) 
Stagnicola caperata (Say) 
S. exilis (Lea) 

*S. reflexa (Say) 

Fossaria dalli (Baker) 

F. obrussa (Say) 

Gyraulus circumstriatus (Tryon) 
G. parvus (Say) 

Armiger crista (Linnaeus) 

*Helisoma anceps (Menke) 
H. trivolvis (Say) 
Planorbula armigera (Say) 
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Promenetus exacuous form kansasensis 
(Baker) 
*Physa anatina Lea 
P. gyrina Say 


P. skinneri Taylor 
Aplexa hypnorum (Linnaeus) 


Order Stylommatophora 


*Strobilops labyrinthica (Say) 
Gastrocopta armifera (Say) 
*G. cristata (Pilsbry & Vanatta) 
G. procera (Gould) 
G. tappaniana (Adams) 
*G. holzingeri (Sterki) 
Pupoides albilabris (Adams) 
*Vertigo milium (Gould) 
V. ovata (Say) 
*Vallonia gracilicosta Reinhardt 
*У. parvula Sterki 
cf Succinea 
Oxyloma sp. 
Helicodiscus parallelus (Say) 
*Deroceras aenigma (Leonard) 
* Euconulus fulvus (Müller) 
Hawaiia minuscula (Binney) 
Stenotrema leai (Binney) 


CLASS OSTEICHTHYES 


Lepisosteus Sp. , gar 

Esox masquinongy Mitchill, muskellunge 

Catostomus commersoni (Lacépède), white 
sucker 

Notemigonus crysoleucus (Mitchill), golden 
shiner 

Semotilus cf S. atromaculatus (Mitchill), 
creek chub 

Semotilus sp. , minnow 

Cyprinidae, indeterminate 

Ictalurus melas (Rafinesque), black bullhead 

I. punctatus (Rafinesque), channel catfish 

Lepomis cf L. cyanellus Rafinesque, green 
sunfish 

Perca flavescens (Mitchill), yellow perch 

Fundulus sp. 


CLASS REPTILIA 
Order Chelonia 


Unidentifiable turtle remains 


CLASS AVES 
Order Pelicaniformes 


*Species not previously reported. 


MILLER 


Pelicanus erythrorhynchus Gmelin, white 
pelican 


CLASS MAMMALIA 
Order Insectivora 


Sorex cf S. cinereus Kerr, masked shrew 
Blarina cf B. brevicauda (Say), short-tailed 
shrew 


Order Rodentia 


Castoroides sp. , giant beaver 

Paradipoides stovalli Rinker & Hibbard, 
Stovall’s beaver 

Geomys sp. , eastern pocket gopher 

Perognathus cf P. hispidus Baird, hispid 
pocket mouse 

Peromyscus berendsensis Starrett, deer 
mouse 

Ondatra trivadicatus Starrett, muskrat, 

Microtus pennsylvanicus (Ord), meadow vole 

Pedomys cf P. ochrogaster (Wagner), prairie 
vole 


Order Carnivora 
Canis latrans Say, coyote 
Order Proboscidea - 


Mammuthus cf М. columbi (Falconer), 
Columbian mammoth 


Order Lagomorpha 
Leporidae, indeterminate, rabbit 
Order Perissodactyla 
Equus sp. , horse 
Rejected records 


Deroceras laeve = Петосета$ aenigma; 
Aplodinotus grunniens = Fundulus sp. 


Age and Correlation. The sediments 
containing the Berends local fauna over - 
lay the Pearlette ash, and are therefore 
post-Kansas in age. Climatic implica- 
tions of the pollen (Kapp, 1965) andfauna 
(Hibbard & Taylor, 1960; Miller, thisre- 
port), indicate that the assemblage lived 
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TABLE 1. Summary of local habitats represented by the mollusks of the Berends Local Fauna. * 


3 Я Number of 
Habitat Species individuals 

Semiaquatic: among vegetation and debris Oxyloma sp. 241 
near water’s edge. 

Hygrophilic: moist situations in leaf mold, Carychium exiguum 188 
under sticks and debris; shaded areas not Vertigo ovata 1122 
far from water. V. milium 21 

Gastrocopta tappaniana 738 
Deroceras aenigma 30 

Woodland: moist areas under leaf mold litter, | Stenotrema leai 84 

down timber, among tall marsh grass. Euconulus fulvus 1 
Strobilops labyrinthica 1 
Helicodiscus parallelus 8 

Sheltered areas: among rocks, shrubs, grass | Gastrocopta armifera 30 
or in timbered situations. G. holzingeri 29 

Sheltered situations: these species are not Gastrocopta cristata 67 
restricted to a woodland habitat and can G. procera 8 
tolerate drier conditions. Pupoides albilabris 12 

Hawaiia minuscula 581 
Vallonia parvula 23 
V. gracilicosta 7 

Marginal situations: wet mud, sticks, stones | Fossaria obrussa 62 
or any other debris along water’s edge: F. dalli 97 
shallow ponds and protected spots. 

Shallow quiet water: small stream, pond, Pisidium casertanum 4+4/2** 
slough or marsh that may become dry Stagnicola reflexa 25 
during part of the year. S. caperata 50 

5. exilis 63 
Avmiger crista 26 
Gyraulus circumstriatus 399 
Physa gyrina 135 
Aplexa hypnorum 52 

Shallow quiet water: small pond, stream, Sphaerium securis 7/2 
slough, or marsh with no current or areas S. sulcatum 65/2 
of rooted vegetation with little current; S. transversum 1/2 
soft sand or mud bottom; not subjected Pisidium obtusale 10/2 
to significant seasonal drying. Gyraulus parvus 76 

Helisoma trivolvis 51 
Planorbula armigera 851 


(cont. ) 





*Based on material published in Taylor, 1954; Herrington & Taylor, 1958; Hibbard & Taylor, 
1960; this report. 
**Fractions refer to the number of isolated single valves. 
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Table 1 (cont.) 


Habitat 


(cont. ) 


Perennial water: stream or lake with slow 
to moderate current; areas of still water; 
shallow spots with soft sand or mud 
substrate not affected by seasonal drying. 


during a cool, moist, glacial interval. 
The relatively large number of extinct 
species of rodents suggests that this 
interval was pre-Wisconsin (probably 
Illinoian). 

Stephens (1960) correlated the Berends 
and Doby Springs local faunas on the 
basis of the mammals sharedin common. 
Kapp (1965) has interpreted the pollen 
Spectrum associated with the Berends 
fauna as representing maximum Illinoian 
glaciation and considered it equivalent 
both to locality 5 of the Doby Springs 
(p 181) and to the Adams (p 186) local 
faunas. The mollusks, however, suggest 
that the Berends lived under slightly 
warmer climatic conditions than those 
represented by the Doby Springs assem- 
blage. At the present time it is not 
certain whether this warmer interval 
occurred before or after maximum 
Illinoian glaciation. 

Habitat. A summary of the local 
habitats represented by the mollusks is 
given in Table 1. This arrangement is 
somewhat arbitrary since many species 
are not necessarily restricted to the one 
habitat to which they may have been 
assigned. However, it is believed that 
these habitat groups probably reflect the 
fact that each species does havea certain 
“preferred” habitat in which it is most 
abundant and where it most commonly 
occurs. Taylor (1954: 7) hasinterpreted 
the aquatic gastropods of this fauna as 
representing “. . . a habitat which had 





Individuals 

Promenetus exacuous form 

kansasensis 513 
Physa anatina 58 
P. skinneri 208 
Sphaerium lacustre 4/2 
Pisidium compressum 322/2 
P. nitidum 65/2 
P. variabile 4/2 
Valvata tricarinata 337 
Helisoma anceps 7 


shallow permanent and temporary water 
near the shore of a lake, with little or 
no rough water. Connection of this lake 
to a permanent stream at some time is 
indicated by Valvata, which must have 
continuity in aquatic conditions.” This 
interpretation is supported by the fishes 
(Smith, 1954), the sphaeriids (Herrington 
€ Taylor, 1958), and by the additional 
aquatic mollusks reported herein. 

The pollen spectrum (Kapp, 1965) 
shows large percentages of conifers, 
grasses and composites, with only small 
quantities of deciduous tree pollen. The 
relative paucity of terrestrial snails 
usually associated with deciduous wood- 
lands can probably be accounted for by 
assuming a vegetation cover such as is 
indicated by the pollen. The better 
represented of the terrestrial species 
(Carychium exiguum, Vertigo ovata, V. 
milium, Gastrocopta tappaniana and 
Hawaiia minuscula) probably lived among 
the moss-covered down timber near the 
lake margin. The remainder of the 
terrestrial mollusks were probably dis- 
tributed among scattered patches of 
deciduous trees further back from the 
lake, under accumulations of leaf mold 
and rotting timber. 

Climate. The area of sympatry for 
most of the species of mammals, fishes 
and mollusks found in the Berends local 
fauna is the northeastern Nebraska- 
northwestern Iowa region of the Great 
Plains. This area is now characterized 
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by a climate with normal annual temper- 
atures of about 45% Е; normal summer 
temperatures averages of about 700 F; 
normal winter temperatures of 20° F; 
and a precipitation rate of between 20- 
30 in.a year, (Visher, 1954). Most 
of this precipitation comes during the 
hot part of the year when it is most 
needed. The Berends local fauna appears 
to have lived under climatic conditions 
similar to those now existing in the area 
of sympatry. 


Doby Springs Local Fauna 


Previous Work. Smith (1958) proposed 
the name Doby Springs local fauna for 
the fishes and associated organic re- 
mains occurring in late Pleistocene de- 
posits in the N 1/2 SW 1/2 sec 10, T 27 
N, R 24 W, Harper County, Oklahoma. 
Meyers (1959) tentatively assigned these 
beds to the Illinoian stage on the basis 
of sedimentary and molluscan faunal 
Similarities with other sink hole deposits 
of this age in the area. Hibbard & 
Taylor (1960) recorded one species of 
mollusk (Probythinella lacustris) from 
the Doby Springs fauna. Stephens (1960) 
mapped and studied the geology of the 
area and described the mammalian fauna. 
More recently, additional materials from 
this fauna have been reported in papers 
by Klingener (1963, on the jumping 
mouse, Zapus); Etheridge (1960; 1961, 
on the lizard Ophisaurus); Tihen (1962, 
on the bufonid toads); and Gutentag € 
Benson (1962, on the ostracods). Kapp 
(1965) has recorded the pollen found 
associated with the Doby Springs local 
fauna. The Doby Springs local fauna 
is known from 5 localities, only 4 of 
which contain mollusks. The locality 
numbers referred to below are the same 
as those used by Stephens (1960). 


Age and Correlation. The Doby Springs 


Faunal List, Doby Springs Local Fauna: 
CLASS OSTRACODA 


Candona nyensis Gutentag & Benson 


CLASS PELECYPODA 
Order Prionodesmacea 


Uniomerus tetralasmus (Say) 
Anodonta grandis Say 


Order Teleodesmacea 


Sphaerium occidentale Prime 
S. rhomboideum (Say) 

S. striatinum (Lamarck) 

S. sulcatum (Lamarck) 
Pisidium casertanum (Poli) 

. compressum Prime 

. nitidum Jenyns 

. obtusale (Lamarck) 

. variabile Prime 
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CLASS GASTROPODA 
Order Mesogastropoda 


Valvata tricarinata (Say) 
*Probythinella lacustris (Baker) 


Order Basommatophora 


Carychium exiguum (Say) 

Lymnaea stagnalis jugularis Say 

Stagnicola caperata (Say) 

S. reflexa (Say) 

Fossaria dalli (Baker) 

F. obrussa (Say) 

Armiger crista (Linnaeus) 

Gyraulus circumstriatus (Tryon) 

G. deflectus (Say) 

G. parvus (Say) 

Helisoma anceps (Menke) 

H. trivolvis (Say) 

Promenetus exacuous form kansasensis 
(Baker) 

P. umbilicatellus (Cockerell) 

Ferrissia fragilis (Tryon) 

Laevapex fuscus (Adams) 

Physa anatina Lea 

P. gyrina Say 

P. skinneri Taylor 

Aplexa hypnorum (Linnaeus) 


Order Stylommatophora 


Cionella lubrica (Müller) 


*Species reported previously in Hibbard & 


Taylor (1960). 
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Strobilops labyrinthica (Say) 
Gastrocopta armifera (Say) 
contracta (Say) 

. cristata (Pilsbry & Vanatta) 
. holzingeri (Sterki) 

. procera (Gould) 

. tappaniana (Adams) 
Pupoides albilabris (Adams) 
Pupilla blandi Morse 

P. muscorum (Linnaeus) 
Vertigo elatior (Sterki) 

V. milium (Gould) 

V. ovata (Say) 

Vallonia gracilicosta Reinhardt 
V. parvula Sterki 

cf Succinea 

Oxyloma sp. 

Discus cronkhitei (Newcomb) 
Helicodiscus parallelus (Say) 
Deroceras aenigma Leonard 
Euconulus fulvus (Müller) 
Nesovitrea electrina (Gould) 
Hawaiia minuscula (Binney) 
Zonitoides arboreus (Say) 
Stenotrema leai (Binney) 


OO aa 


CLASS OSTEICHTHYES 


Catostomus commersoni (Lacépède), white 
sucker 

Semotilus cf S. atromaculatus (Mitchill), 
creek chub 

cf Hybopsis gracilis (Richardson), flathead 
chub 

Pimephales promelas Rafinesque, flathead 
minnow 

Cyprinidae sp. 


Ictalurus melas (Rafinesque), black bullhead 


Lepomis cf L. cyanellus Rafinesque, green 
sunfish 
Perca flavescens (Mitchill), yellow perch 


CLASS AMPHIBIA 
Order Salienta 
Bufo “Americanus group”, toad 


CLASS REPTILIA 
Order Squamata 


Ophisaurus attenuatus Baird, glass lizard 


CLASS MAMMALIA 
Order Insectivora 


Sorex arcticus Kerr, arctic shrew 

S. cinereus Kerr, masked shrew 

Sorex palustris Richardson, northern water 
shrew 

Blarina brevicauda brevicauda (Say), short- 
tail shrew 


Order Rodentia 


Citellus cf С. richardsonii (Sabine), Richard- 
son ground squirrel 

Citellus tridecemlineatus (Mitchill), thirteen 
lined ground squirrel 

Thomomys sp. , western pocket gopher 

Geomys bursarius (Shaw), Plains pocket 
gopher 

Castorid, genus and species indeterminate, 
large beaver 

Peromyscus cf P. cochrani Hibbard, mouse 

P. oklahomensis Stephens, mouse 

Onychomys cf O. leucogaster (Wied-Neuwied), 
northern grasshopper mouse 

Ondatra zibethica (Linnaeus), muskrat 

Microtus pennsylvanicus (Ord), meadow vole 

Zapus hudsonius transitionalis Klingener , 
meadow jumping mouse 


Order Carnivora 


a large form, family indeterminate 
a small form, family indeterminate 


Order Proboscidea 
Mammuthus sp. , mammoth 
Order Lagomorpha 
Lepus sp. , hare 
Order Artiodactyla 
Camelops sp. , camel 
Antilocaprid sp. , pronghorn 
Bison cf B. latifrons (Harlan), giant bison 


Order Perissodactyla 


Equus cf E. niobrarensis Hay, horse 
Equus sp. , horse 
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TABLE 2. Summary of local habitats represented by the mollusks of the Doby Springs Local 


Fauna. 


Habitat 


Semiaquatic: among vegetation and 
debris near water’s edge. 


Hygrophilic: moist situations in leaf 
mold, under sticks and debris; shaded 
areas, not far from water. 


Woodland: moist areas under leaf litter, 
down timber, among tall marsh grass. 


Sheltered areas: among rocks, shrubs, 
grass, or in timbered situations. 


Sheltered situations: These species are 
not restricted to a woodland habitat 
and can tolerate drier conditions. 





Marginal situations: wet mud, sticks, 
stones, or any other debris along 
water’s edge; shallow pools and other 
protected spots. 


Shallow quiet water: small streams, 
ponds, sloughs or marsh, that may 
become dry during part of the year. 


Species 


Locality and 
Abundance* 





Oxyloma sp. 





Carychium exiguum 
Vertigo ovata 

V. milium 

V. elatior 
Gastrocopta tappaniana 
Deroceras aenigma 
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Cionella lubrica 
Stenotrema leai 
Discus cronkhitei 
Zonitoides arboreus 
Nesovitrea electrina 
Euconulus fulvus 
Strobilops labyrinthica 
Helicodiscus parallelus 
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Gastrocopta armifera 
С. contracta 
С. holzingeri 





Gastrocopta cristata 
G. procera 

Pupilla blandi 

P. muscorum 
Pupoides albilabris 
Hawatia minuscula 
Vallonia parvula 

V. gracilicosta 





Fossaria obrussa 
F. dalli 


Pisidium casertanum 
Sphaerium occidentale 
Stagnicola reflexa 

5. caperata 

Armiger crista 

Gyraulus circumstriatus 
G. deflectus 

Promenetus umbilicatellus 
Physa gyrina 
Aplexa hypnorum 
Ferrissia fragilis 
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Table 2 (cont. ) 


Habitat 


Shallow quiet water: small ponds, 
streams, sloughs, or marsh, with no 
current or areas of rooted vegetation 
with little current; soft sand or mud 
bottoms; not subject of significant 
seasonal drying. 


Perennial water: Stream or lake with 
slow to moderate current; areas of 
still water; shallow spots with soft 
sand or mud substrate; not affected 
by seasonal drying. 


Helisoma anceps 
Probythinella lacustris 
Anodonta cf A. grandis = 


*R=<25; S= 26-49; C= 50-100; A=>100 shells. 


Uniomerus tetralasmus 

Lymnaea stagnalis jugularis 

Sphaerium rhomboideum 

S. sulcatum 

Pisidium obtusale 

Gyraulus parvus 

Helisoma trivolvis 

Promenetus exacuous form 
kansasensis 

Physa anatina 

P. skinneri 

Laevapex fuscus = 


Sphaerium striatinum = 
Pisidium compressum A 
P. nitidum С 
Р. variabile А 
Valvata tricarinata A 

5 





Locality and 
Abundance* 


Species 
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**These specimens were questionably referred to species. 


local fauna is considered Illinoian inage 
on the basis of both stratigraphic position 
and vertebrate fossils and has been 
correlated with the Berends and Butler 
Spring local faunas (Smith, 1958; 
Stephens, 1960; Hibbard & Taylor, 
1960). However, studies of the pollen, 
collected from samples of sediments 
associated with these assemblages 
(Kapp, 1965), indicate that only locality 
5 of the Doby Springs local fauna is 
equivalent to the Berends and the lower 
part of the section from which the Butler 
Spring local fauna was recovered. This 
lower portion of the Butler Spring local 
fauna (localities 2, 3, 4 and 5 of Hibbard 
& Taylor, 1960), has been designated 
the Adams local fauna by Kapp (1965). 

The predominantly northern and north- 
eastern aspect of the Doby Spring mol- 
luscan fauna indicates cool, moist, 
glacial conditions, and is compatible 
with the interpretations based on the 
pollen, and vertebrates. 


Habitat. Stephens (1960) recognized 
4 habitat associations in the vertebrate 
fauna: a lake and marsh border com- 
munity; a lowland meadow community; 
a shrub and tree community; and an 
upland prairie community. . 

Table 2 summarizes the habitat as- 
sociations indicated by the Doby Springs 
molluscan fauna. The abundant repre- 
sentation of Probythinella lacustris is 
interpreted as indicating that the lake 
in which the sediments containing the 
Doby Springs local fauna were deposited 
probably had a depth of at least five ft. 
The carbonaceous dark-gray to black 
silty clay and silt from which P. lacus- 
tris (Hibbard € Taylor, 1960: 81) was 
recovered, considered together with the 
occurrence of Pisidium variabile which 
prefers a bottom on which soft sediments 
are accumulating, suggests that the sub- 
strate, in part, consisted of a soft organic 
mud. Firmer patches of bottom, com- 
posed of sand and silt are indicated by 
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Sphaerium striatinum. 

The shallower portions of the lake 
near shore contained dense patches of 
immersed aquatic vegetation which 
probably included such species as Sagit- 
taria, Myriophyllum and Pediastrum 
(Kapp, 1965). These plants provided 
suitable habitats for Sphaerium sul- 
catum, 5. rhomboideum,  Valvata tri- 
carinata, Gyraulus parvus, Promenetus 
exacuous form kansasensis and Physa 
anatina. 

Temporary bodies of water in the 
marsh area along the margin of the lake 
contained Pisidium casertanum, Sphaer- 
tum occidentale, Stagnicola caperata, $. 
veflexa, Lymnaea stagnalis jugularis, 
Armiger crista, Gyraulus circum- 
striatus, G. deflectus, Promenetus um- 
bilicatellus, Physa gyrina, Aplexa hyp- 
norum and Ferrissia fragilis. Rest 
marks on some of the P. casertanum 
and the presence of some septate shells 
amongst the Ferrissia, indicate that 
some of the water situations were sub- 
jected to periodic drying. 

The terrestrial element in the mol- 
luscan fauna is dominated by hygrophilic 
Species, which also lived in the marsh 
near the lake margin. The vegetational 
cover postulated for this area by Kapp 
(1965), would have provided suitable 
habitats for most of the terrestrial mol- 
lusks listed. 

Gastrocopta cristata, С. procera, 
Pupilla blandi, P. muscorum, Pupoides 
albilabris, Нашайа minuscula, Vallonia 
parvula and У. gracilicosta are terres- 
trial species that can tolerate drier 
situations and probably in part lived 
amonst the better drained shrubandtree 
community further back from the lake. 

Climate. Fifty-six ofthe 59 molluscan 
forms present in the Doby Springs local 
are identifiable to species that are now 
extant. Fourty-six of these species 
have been reported from the Lake Okobo- 
ji region of Iowa. There is, however, no 
one geographic locality known to me at 
which all the species associated in the 
Doby Springs assemblage occur. 

The Doby Springs local fauna probably 


lived at a time when summer conditions 
were no hotter or drier than those 
presently occuring in northern North 
Dakota and Minnesota, near the southern 
limit of range for Pupilla muscorum. 
The winters were most likely similar 
to those in northeastern Nebraska-north- 
western Iowa, the area in which the 
majority of the Doby Springs molluscan 
Species presently occur. Some of the 
more easterly (e.g., Laevapex fuscus), 
and southerly (e.g., Gastrocopta cris- 
tata, G. procera) distributed species, 
are at or near the periphery of their 
ranges in this region. Summers in the 
northeastern portion of North Dakota are 
characterized by normal temperatures 
of between 65° - 70° F (Vischer, 1954: 
map 5). The normal annual precipitation 
in this area is about 18-20 in. (Visher, 
1954: map 492), slightly less than in 
Harper County, Oklahoma (Stephens, 
1960). The greater part of this pre- 
cipitation in North Dakota, however, 
occurs during the summer months, when 
it is most needed. Cooler summers 
and lower evaporation rates, inthe North 
Dakota region, make the smaller amount 
of rainfall more effective and have made 
it possible for a relatively large mol- 
luscan fauna to maintain itself. The 
normal winter temperature in the north- 


eastern Nebraska-northwestern Iowa 
area, is between 159-209 F (Visher, 
1954: map 4). 


The inferred climate in Harper County, 
Oklahoma, at the time the Doby Springs 
local fauna lived, combined shorter, 
cooler summers, with winters that were 
Slightly cooler and longer than those 
presently prevailing in this area. The 
normal summer temperature was 
probably between 65° - 700 Е. The 
normal annual precipitation was about 
18-20 in., 8-10 in. of which fell during 
the summer months. The normal evapo- 
ration during the warmer part of the 
year was between 30-35 in., compared 
with today’s 50-60 in.in Harper County 
(Visher, 1954: map 483). The normal 
winter temperatures were probably 
between 15° - 200 F. 
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Adams Local Fauna 


Previous work. Theterm Adamslocal 
fauna was proposed by Kapp (1965) for 
the fossils recovered from the sequence 
of medium to coarse, limonitic, cross- 
bedded sands which occur stratigraph- 
ically below the Butler Spring local 
fauna (Hibbard & Taylor, 1960), in the 
SE 1/4 sec 32, T 34 S, R 29 W, Meade 
County, Kansas. Kapp found that there 
was a sharp change in the frequency of 
pine, grass and composite pollen, 
between the top and bottom of unit 1, 
measured section 2 of Hibbard & Taylor 
(1960: 43). Within this interval a trend 
towards increasing pine and decreasing 
grass and composites is reversed, and 
there is a sharp rise in the frequency 
of the grass pollen with a concomitant 
decline in pine pollen. Kapp suggests 
that this striking reversal may repre- 
sent an unconformity between a cool, 
moist and a drier and/or warmer inter- 
val. This sharp transformation in the 
composition of the pollen spectrum 
occurs at a point in the section that is 
stratigraphically between locality 1 and 
localities 2, 3, 4 and 5 of the Butler 
Spring local fauna (as used in Hibbard 
& Taylor, 1960), and forms the basis 
for the separation of the Adams and 
Butler Spring local faunas. In this 
report the Butler Spring local fauna is 
restricted to locality 1 and the Adams 
local fauna to localities 2, 3, 4 and 5. 


Faunal List; Adams Local Fauna: 


CLASS PELECYPODA 
Order Prionodesmacea 


*Lasmigona complanata (Barnes) 
Quadrula quadrula (Rafinesque) 


CLASS GASTROPODA 
Order Mesogastropoda 


Valvata tricarinata (Say) 


*Species not previously reported 


Order Basommatophora 


Stagnicola caperata (Say) 

Fossaria dalli (Baker) 

Gyraulus parvus (Say) 

Promenetus exacuous form kansasensis 
(Baker) 

Physa anatina Lea 


Order Stylommatophora 


Gastrocopta cristata (Pilsbry & Vanatta) 
G. procera (Gould) 

G. tappaniana (Adams) 

Pupilla blandi Morse 

P. muscorum (Linnaeus) 

P. sinistra Franzen 

Vertigo milium (Gould) 

V. ovata (Say) 

Vallonia cyclophorella Sterki 

У. gracilicosta Reinhardt 

cf Succinea 

Discus cronkhitei (Newcomb) 
Helicodiscus singleyanus (Pilsbry) 
Hawaiia minuscula (Binney) 


CLASS AMPHIBIA 
Order Caudata 


Ambystoma tigrinum (Green), tiger 
salamander 


CLASS REPTILIA 
Order Chelonia 


Emydoidea twentei (Taylor), Plains semibox 
turtle 


CLASS MAMMALIA 
Order Edentata 


Megalonyx sp. , ground sloth 
Order Rodentia 
Citellus sp. , ground squirrel 
cf Geomys, eastern pocket gopher 
Castoroides cf C. ohioensis Foster, Ohio 
giant beaver 
Microtus pennsylvanicus (Ord), meadow vole 


Order Proboscidea 


Mammuthus sp. , mammoth 
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Order Artiodactyla 


Camelops sp. , camel 


Order Perissodactyla 


Equus scotti Gidley, horse 
Equus sp. , horse 


Age and Correlation. Kapp (1965) ten- 
tatively correlated the Adams local fauna 
with locality 5 of the Doby Springs and 
with the Berends local faunas on the 
occurrence of spruce pollen. The occur- 
rences of spruce at these 3 sites are the 
only unequivocal records of this pollen 
entity in the Meade County area. The 
Adams and Butler Spring molluscan fau- 
nas, however, are more closely related to 
each other, than is either one to the Doby 
Springs. All of the species found in the 
Adams local fauna, with the exception of 
the unionid clams, also occur inthe But- 
ler Spring assemblage. Three species, 
Vallonia cyclophorella, Pupilla sinistra 
and Helicodiscus singleyanus are present 
in the Adams and Butler Spring local 
faunas, but are absent from the Doby 
Springs local fauna. This has been inter- 
preted to mean that the Doby Springs 
mollusks probably lived in the area 
earlier in the Illinoian, before these 
speciesreachedthis part of the Plains. 

The mammals (Hibbard, 1963), the 
pollen (Kapp, 1965) and the mollusks 
(Miller, this report) indicate a trend 
towards a warmer climate between the 
time the Doby Springs fauna and the 
Mount Scott fauna lived. This trend was 
characterized by a decrease in spruce 
and pine pollen and an increase in the 
number of southern species inthe faunas 
of the area. The first Illinoian ap- 
pearance in this region of Helicodiscus 
singleyanus, a species with a relatively 
southern distribution, is in the Adams 
local fauna and suggests that thisassem- 
blage lived in the area sometime after 
this warming trend began. The strati- 
graphic position of the Adams local fauna 
indicates that it lived before the Butler 
Spring local fauna, probably sometime 
after the Ilinoian glacial maximum 


represented by Doby Springs local fauna 
locality 5. 

Habitat. The medium to coarse, cross- 
bedded sands from which the fauna was 
recovered (Hibbard & Taylor, 1960), 
together with the occurrence of Valvata 
tricarinata, Gyraulus parvus, Quadrula 
quadrula and Lasmigona complanata, 
Species requiring continuity of aquatic 
habitat, are interpreted as indicating the 
existence of a stream. The presence of 
only one wood-land species among the 
terrestrial gastropods suggests that 
there was only a thin covering of trees 
and shrubs, rather than a continuous 
forest belt along the stream. 

Climate. The Adams local fauna con- 
tains many species presently living in 
the northern Great Plains. Valvata tri- 
carinata, Pupilla blandi, P. muscorum, 
P. sinistra and Vallonia cyclophorella, 
occur in the Great Plains only in the 
northernmost states, in the Rocky 
Mountains, or in the more humid Central 
Lowland where they may range farther 
south, but are still of obviously northern 
distribution (Hibbard & Taylor, 1960). 
A relatively southern element repre- 
sented by Gastrocopta procera, G. cris- 
tata, Physa anatina and Helicodiscus 
singleyanus, reaches as far north as 
South Dakota or Nebraska in the Great 
Plains, but is more common farther 
south. Many of these northern and south- 
ern species are not now found together 
in the same area and it is assumed 
that they are presently being kept apart 
primarily by climatic extremes. The 
climate during that part of the Illinoian 
when the Adams local fauna lived proba- 
bly combined winters which were perhaps 
no more severe than those presently 
occurring in northeastern Nebraska, with 
cooler, more moist summers, similar 
to those in eastern Montana and the 
Dakotas. 

The normal winter temperatures were 
probably between 15° - 20° F, with 
normal summer temperatures of 65° - 
70° F (Visher, 1954). The precipitation 
was perhaps similar to that now 
occurring in Meade County, about 18.43 
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in. per year (Frye, 1942), but because of 
the lower evapotranspiration rates 
during the warm months (Visher, 1954), 
it was more effective. 


Butler Spring Local Fauna 


Previous Work. The name Butler 
Spring local fauna was first used by 
Herrington & Taylor (1958: 4) for the 
fossils recovered from one locality in 
the SE 1/4 sec 32, T 34 $, R 29 W, 
Meade County, Kansas. Smith (1958) 
reported on the fishes from this locality. 
Hibbard & Taylor (1960) discussed the 
stratigraphy of the area and described 
additional mollusks and vertebrates from 
this locality and from 4 additional sites 
which were included as part of the Butler 
Spring local fauna. Analysis of the pollen 
from the sequence of sediments con- 
taining the Butler Spring assemblage 
(Kapp, 1965) indicates that there are 
significant differences between locality 
1 and localities 2, 3, 4 and 5 of Hibbard 
& Taylor (1960). In this report the 
Butler Spring local fauna is restricted 
to include only the fossils reported from 
locality 1 (U. S. Geological Survey Ceno- 
zoic locality 21042) of Hibbard & Taylor 
(1960). 


Faunal List, Butler Spring Local Fauna: 


CLASS PELECYPODA 
Order Prionodesmacea 


Anodonta grandis (Say) 
*Ligumia cf L. recta (Lamarck) 


Order Teleodesmacea 


Sphaerium striatinum (Lamarck) 
S. transversum Say 

Sphaerium, indeterminate 
Pisidium casertanum (Poli) 

P. compressum Prime 

P. nitidum Jenyns 

P. walkeri Sterki ? 


CLASS GASTROPODA 
Order Mesogastropoda 


Valvata tricarinata (Say) 


Probythinella lacustris (Baker) 
Order Basommatophora 


Carychium exiguum (Say) 
Lymnaea stagnalis jugularıs Say 
Stagnicola caperata (Say) 

S. reflexa (Say) 

Fossaria obrussa (Say) 

F. dalli (Baker) 

Anisus pattersoni (Baker) 
Gyraulus circumstriatus (Tryon) 
G. parvus (Say) 

Helisoma anceps (Menke) 

H. trivolvis (Say) 


Promenetus exacuous form kansasensis 


(Baker) 
P. umbilicatellus (Cockerell) 
Ferrissia fragilis (Tryon) 
Laevapex fuscus (Adams) 
Physa anatina Lea 
P. gyrina Say 
P. skinneri Taylor 
Aplexa hypnorum (Linnaeus) 


Order Stylommatophora 


Gastrocopta armifera (Say) 
G. contracta (Say) 

G. cristata (Pilsbry & Vanatta) 
G. holzingeri (Sterki) 

G. procera (Gould) 

G. tappaniana (Adams) 
Pupoides albilabris (Adams) 
P. inornatus Vanatta 

Pupilla muscorum (Linnaeus) 
P. blandi (Morse) 

P. sinistra Franzen 
*Vertigo elatior (Sterki) 

V. milium (Gould) 

V. ovata (Say) 

Vallonia cyclophorella Sterki 
V. gracilicosta Reinhardt 

V. parvula Sterki 

cf Succinea 

Oxyloma sp. 

Discus cronkhitei (Newcomb) 


Helicodiscus singleyanus (Pilsbry) 


Hawatia minuscula (Binney) 
Zonitoides arboreus (Say) 
Stenotrema leai (Binney) 


*Species not previously reported 
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CLASS OSTEICHTHYES 


Lepisosteus sp. , gar 

Catostomus commersoni (Lacépède), white 
sucker 

Ictalurus cf I. punctatus (Rafinesque), 
channel catfish 

I. melas (Rafinesque), black bullhead 

Perca flavescens (Mitchill), yellow perch 


CLASS REPTILIA 
Order Chelonia 


Chelydra serpentina (Linnaeus), snapping 
turtle 


CLASS MAMMALIA 
Order Rodentia 


Microtus pennsylvanicus (Ord), meadow vole 
Rejected Records 


Vertigo elatior = Vertigo gouldi; Oxyloma 
sp. = Oxyloma retusa. 


Age and Correlation. Examination of 
the mollusks from the Mount Scott (p 189 
et seq.), Butler Spring and Doby Springs 
local faunas, suggests that the Butler 
Spring is intermediate between the other 
2 in terms of first and last occurrences 
of species. The first Illinoian occur- 
rences of the 4 northern species Pro- 
bythinella lacustris, Lymnaea stagnalis 
jugularis, Vertigo elatior and Pupilla 
muscorum, in this region, is in the Doby 
Springs local fauna. These species con- 
tinue in the area through the time repre- 
sented by the Butler Spring local fauna 
but in greatly reduced relative numbers. 
The absence of the first 3 of these 
species from the Adams local fauna is 
possibly due to the smaller size of the 
sample from which this assemblage was 
recovered. (The Adams local fauna was 
sorted from approximately 10 pounds of 
of matrix, whereas the Butler Spring 
local fauna was picked from about 750 
pounds of matrix [Hibbard & Taylor, 
1960]). The Adams assemblage also in- 
cludes the first Illinoian occurrence of 
Helicodiscus singleyanus, a relatively 
southern species which persists locally 
through that portion of the Illinoian during 
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which the Mount Scott local fauna lived. 
These data suggest a trend toward 2 
slightly warmer climate between the time 
the Doby Springs and Mount Scott local 
faunas lived. The climatic change pro- 
duced a diminution in the abundance of 
certain of the dominant northern ele- 
ments present in.the Doby Springs local 
fauna and permitted Helicodiscus sing- 
leyanus to enter the area by the time 
the Adams and Butler Spring local faunas 
lived. The increase in southern faunal 
elements within the Mount Scott local 
fauna is interpreted as a continuation of 
this climatic change toward slightly 
warmer conditions. In this context the 
Butler Spring and Adams assemblages 
appear to have lived after the Doby 
Springs and before the Mount Scott local 
faunas. 


Habitat. The Butler Spring fauna lived 
in or near a medium sized river, proba- 
bly the ancestral Cimarron River 
(Hibbard & Taylor, 1960). This river 
had a slow to moderate current, witha 
probable depth of severalfeet. Protected 
areas of the river, with less current, 
contained dense beds of submergent 
aquatic vegetation. The terrestrial 
gastropods lived among scattered groups 
of trees along the river, but the pre- 
dominant vegetation consisted mostly of 
grasses and shrubs. 


Climate. The climate suggested by 
the Butler Spring local fauna (Hibbard 
& Taylor, 1960) consisted of cooler 
summers than now occur in Meade 
County. These conditions are similar 
to those now occuring in the eastern 
North Dakota region. Winters were 
probably no more severe than those in 
north-central Nebraska. 


Mount Scott Local Fauna 


Previous work. In the summer of 
1953, Claude W. Hibbard and members 
of the University of Michigan Museum of 
Paleontology field party opened a quarry 
(UM-K4-53) on the north side of Spring 
Creek, a little over 2 miles upstream 
from Mount Scott, Big Springs Ranch, 
Meade County, Kansas. A total of 5 
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tons of matrix was removed from this 
quarry during the summers of 1953, 
1957 and 1960, and has yielded a large 
biota containing pollen, ostracods, mol- 
lusks, fishes, amphibians, reptiles, birds 
and mammals. A second locality (UM- 
K2-59) opened near the base of Mount 
Scott, was worked during the 1959 and 
1960 field seasons. Two additional 
localities (UM-K1-60 and UM-K3-60), 
were discovered along Spring Creek and 
Hart Draw, during the summer of 1960. 

The ostracods from localities UM-K1- 
60 and UM-K2-59 (Gutentag, written 
communication); the mollusks from 
locality UM-K4-53 (Miller, 1961); some 
of the reptiles from locality UM-K2-59 
(Etheridge, 1961); the fishes (Smith, 
1963) and mammals (Klingener, 1963; 
Hibbard, 1963) from localities UM-K4- 
53, UM-K1-60 and UM-K2-59; and the 
pollen (Kapp, 1965) from UM-K4-53, 
UM-K1-60, UM-K2-59 and UM-K3-60, 
represent all the fossil remains re- 
covered from these collections that have 
thus far been studied. The name Mount 
Scott local fauna was first used by 
Etheridge (1961: 181) for the fossil 
material recovered from locality UM- 
K2-59, near the base of Mount Scott. 

The following faunal list summarizes 
the above and includes all the mollusks 
from localities UM-K1-60, UM-K2-59 
and UM-K3-60, none of which have been 
previously reported. 


Faunal List; Mount Scott Local Fauna: 
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UM-K1-60|° 
UM-K2-59 


Species 






UM-K4-53|t+- 
UM-K3-60| * 


CLASS OSTRACODA 


Candona reonensis Gutentag & 
Benson 

Cypridopsis vidua (O. F. Müller) 

Candona sp. “a” 


CLASS PELECYPODA 
Order Prionodesmacea 


Uniomerus tetralasmus (Say) 


Order Teleodesmacea 


Sphaerium lacustre (Müller) 
. occidentale Prime 

. partumeium (Say) 

. rhomboideum (Say) 

. striatinum (Lamarck) 

. sulcatum (Lamarck) 

. transversum (Say) 
Pisidium casertanum (Poli) 
. compressum Prime 

. nitidum Jenyns 

. obtusale (Lamarck) 

. subtruncatum Malm 

. variabile Prime 

. walkeri Sterki 
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CLASS GASTROPODA 
Order Mesogastropoda 


Valvata tricarinata (Say) 
Order Basommatophora 


Carychium exiguum (Say) 

Stagnicola caperata (Say) 

S. exilis (Lea) 

S. reflexa (Say) 

Fossaria dalli (Baker) 

F. obrussa (Say) 

Armigerv crista (Linnaeus) 

Gyraulus circumstriatus (Tryon) 

G. parvus (Say) 

Helisoma anceps (Menke) 

H. trivolvis (Say) 

Promenetus exacuous form 
exacuous (Say) 

P. umbilicatellus (Cockerell) 

Ferrissia fragilis (Tryon) 

Laevapex fuscus (Adams) 

Physa anatina Lea 

P. gyrina Say 

P. skinneri Taylor 

Aplexa hypnorum (Linnaeus) 


Order Stylommatophora 


Cionella lubrica (Müller) 
Strobilops labyrinthica (Say) 
Gastrocopta armifera (Say) 

. contracta (Say) 

. cristata (Pilsbry & Vanatta) 

. holzingeri (Sterki) 

. pellucida hordeacella (Pilsbry) 
. procera (Gould) 

. tappaniana (Adams) 

Pupoides albilabris (Adams) 
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Species 


Pupilla blandi Morse 

Vertigo milium (Gould) 

V. ovata (Say) 

Vallonia gracilicosta Reinhardt 
V. parvula Sterki 

ef Succinea 

Oxyloma sp. 

Discus cronkhitei (Newcomb) 
Helicodiscus parallelus (Say) 
H. singleyanus (Pilsbry) 
Punctum minutissimum Lea 
Derocevas aenigma Leonard 
Euconulus fulvus (Müller) 
Nesovitrea electrina (Gould) 
Hawatia minuscula (Binney) 
Zonitoides arboreus (Say) 

Z. nitidus (Müller) 
Stenotrema leai (Binney) 


CLASS OSTEICHTHYES 


Lepisosteus platostomus Rafines- 
que, Shortnose gar 

Esox masquinongy Mitchill, 
muskellunge 

Hybognathus hankinsoni Hubbs, 
brassy minnow 

Campostoma anomalum (Rafines- 
que), stoneroller 

Semotilus atromaculatus (Mitchill), 
creek chub 

Dionda nubila (Forbes), ozark 
minnow 

Cyprinidae, indeterminate 

Ictiobus, sp. Rafinesque, 
buffalo fish 

Catostomus commersoni 
(Lacépède), white sucker 

Moxostoma duquesnei (LeSueur), 
black redhorse 

Ictalurus punctatus (Rafinesque), 
channel catfish 

I. melas (Rafinesque), black 
bullhead 

Micropterus salmoides 
(Lacépède), largemouth bass 

Lepomis cyanellus Rafinesque, 
green sunfish 

L. humilis? (Giarard), orange- 
spotted sunfish 

Perca cf P. flavescens (Mitchill), 
yellow perch 


UM-K4-53 
UM-K1-60 
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UM-K2-59 
UM-K3-60 
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CLASS AMPHIBIA 
Order Salienta 


Bufo sp. , toad 
?Acris sp., frog 
Rana pipiens Schreber, leopard 
frog 
CLASS REPTILIA 
Order Chelonia 


Tevvapene llanensis Oelrich, 
plains box turtle 


Order Squamata 


Ophisaurus attenuatus Baird, 
glass lizard 


CLASS AVES 
Unstudied 
CLASS MAMMA LIA 


Order Insectivora 


Sorex cinereus Kerr, masked shrew|x 


S. arcticus Kerr, arctic shrew 

S. palustris Richardson, 
northern water shrew 

Blarina brevicauda carolinensis 
(Bachman), southern shorttail 
shrew 
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Cryptotis parva (Say), least shrew |x |x 


Order Chiroptera 


Lasiurus cinereus (Beauvois), 
hoary bat 


Order Rodentia 


Cynomys sp. , prairie dog 

Citellus cf C. tridecemlineatus 
(Mitchill), ground squirrel 

Citellus sp. , ground squirrel 

Geomys sp., pocket gopher 

Paradipoides or Castor sp. , 
beaver 

Reithrodontomys sp. , harvest 
mouse 

Peromyscus berendsensis 
Starrett, deer mouse 

Р. progressus Hibbard, plains 
deer mouse 

Peromyscus sp. , mouse 
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Species 


Neotoma cf N. floridana (Ord), 
packrat 

Oryzomys fossilis Hibbard, fossil 
rice rat 

Synaptomys australis Simpson, 
Simpson’s bog lemming 

Ondatra zibethica Linnaeus, 
muskrat, 

Microtus pennsylvanicus (Ord), 
meadow vole 

Pedomys ochrogaster (Wagner), 
prairie vole 

Zapus hudsonius transitionalis 

Klingener, meadow jumping 

mouse 


Order Carnivora 
Mustela vison Schreber, mink 
Order Lagomorpha 


Sylvilagus sp. , cottontail rabbit 
Lepus sp. , hare 


Order Artiodactyla 


Bison cf B. latifrons (Harlan), 
giant bison 


*cf. 





Localities. The Mount Scott local 
fauna is known from the following 4 
localities, situated on the Big Springs 
ranch, Meade County, Kansas (Figs. 2 
and 3): 

Locality UM-K4-53. SE 1/4 sec 14, 
T 32 S, R 29 W, approximately 1914 ft 
north and 1254 ft west, of the south- 
eastern Section corner. The fossils 
were recovered from a greenish-brown 
silty clay (unit 3 in. Measured Section 
1, see p 200), 2-3 ft above the stream 
bed of Spring Creek (Miller, 1961: 104). 
Five tons of matrix have been removed 
from this locality since it was first 
worked in 1953. About 10% of the con- 


centrate from these collections hasbeen 
sorted for mollusks. 

Locality UM-K1-60. SW 1/4 sec 13, 
T 32 S, R 29 W, approximately 528 ft 
north and 396 ft east of the southwestern 
section corner, about 1/2 mile down- 
stream from locality UM-K4-53. The 
faunule from this locality was removed 
from the sand, silt and marl, repre- 
sented by units 1-3, in MeasuredSection 
4 (see p 202). Seven tons of matrix 
were washed from this site during the 
1960-1961 field seasons. Only about 
12% of this concentrate has been sorted 
for mollusks. 

Locality UM-K2-59. SE 1/4 sec 18, 
T 32 S, R 28 W, 396 ft north and 1386 
ft west of the southeastern section 
corner, a little over 2 miles downstream 
on Spring Creek, from locality UM-K4- 
53. The fossils were collected from a 
coarse, greenish brown silt (unit 8 of 
Measured Section 3, see p 202), ex- 
posed in a quarry excavated on the 
lower slope of Mount Scott, approxi- 
mately 23 ft above the bed of Spring 
Creek. Twenty-seven tons of matrix 
have been removed from this locality, 
less than 5% of which has been sorted 
for mollusks. 


Locality UM-K3-60. NE 1/4 SW 1/4 
sec 17, T 32 S., R 28 W, about 1980 ft 
north and 924 ft east of the southwestern 
section corner. The fossils occur in 
dark brown, silty clay, near the base of 
Hart Draw, downstream’ from and 
approximately 40 ft below locality 1 of 
the Cragin Quarry local fauna (Hibbard 
& Taylor, 1960). The mollusks repre- 
sent all the fossils recovered from 
about 10 pounds of matrix. 

Local Stratigraphy. A sequence of 
sediments ranging in age from upper 
Pliocene to Recent is exposed in the 
Big Springs Ranch area (Fig. 1). The 
Rexroad, Ballard and Crooked Creek 
formations represent cycles of wide- 
spread sheet deposition, in which 
aggrading streams filled their valleys, 
spreading sands, silts and clays across 
the interstream divides. The Kingsdown 
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and Vanhem formations in this area, 
by contrast, occur as valley fills or 
terrace deposits that are usually situated 
topographically below the older beds. 

At many localities, the beds are ob- 
scured by slopewash and wind blown sand, 
and good exposures are usually re- 
stricted to the relatively few steep bluffs 
occurring on the outside of meanders. 
Where the bedding of the sediments could 
be observed, it showed a very low 
apparent dip, the greatest angle 
measured not exceeding 49. All these 
difficulties made mapping difficult and 
accurate measurement of strike and dip 
impossible. 
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Map of Meade County, Kansas showing location of Big Springs Ranch area (diagonal 


Rexroad Formation. The upper Plio- 
cene in this area is represented by the 
Rexroad Formation, exposed along the 
south bank of Spring Creek and the north 
and south sides of Hart Draw, inportions 
of sections 13, 14, 24, T32S,R 29 W, and 
sections 7, 18, 19, Т 32 S,R28 W. Good 
outcrops of the Rexroad are com- 
paratively rare, and are usually re- 
stricted to the base of bluffs along the 
main stream valleys where erosion has 
been deep enough to expose the upper 
portion of the formation. There are 
2 exceptions to this usual mode of 
occurrence: the first is an outcrop, 
composed of approximately 3 1/2 ft of 
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FIG. 3. Geologic map of the Big Springs Ranch area, Meade County, Kansas. 
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orange, yellow and green sands and 
clays, exposed in a low bank along a 
tributary of Spring Creek in the SW 1/4 
NW 1/4 sec 24, T 32 S, В 29 W; the 
second is an exposure in the floor of 
the Sanders Gravel pit, SE 1/4 NW 1/4 
sec 7, T 325, В 28 W. 

The thickest section of Rexroad ex- 
amined in the area outcrops on the 
south side of Hart Draw, in the NW 1/4 
МЕ 1/4 sec 18, T 32 $, В 28W. Itis 
composed of 23 ft of reddish-gray to 
gray sandy silt and fine sand, capped 
by one foot of caliche. This exposure 
yielded the mollusks reported by Taylor 
(1960), from locality 1 of the Rexroad 
local fauna. A second occurrence of 
mollusks in the Rexroad has been re- 
corded by Taylor (1960) from deposits 
exposed along the south side of Spring 
Creek in the NW 1/4 NE 1/4 sec 24, T 
325, В 29 W. 

Ballard Formation. Thename Ballard 
Formation was proposed by Hibbard 
(1958) as a replacement for Meade 
Formation, which had undergone a 
variety of usages (see summaries in 
Hibbard, 1955, Chart I; and Hibbard 
& Taylor, 1960, fig. 2). The type 
locality of the Ballard Formation is 
situated on the Big Springs Ranch, onthe 
south side of Hart Draw, in Sections 7 
and 18, T 325, В 28 W (Hibbard, 1958). 
At the type locality, the Ballard rests 
unconformably on the Rexroad. It is 
relatively thin, consisting of about 8 ft 
of cemented basal sand and gravel, over- 
lain by 12 ft of buff-gray silt and clay. 
The upper 3 ft of the Ballard at this 
exposure yielded the mollusks and mam- 
mals comprising locality 1 (UM-K1-53) 
of the Sanders local fauna (Hibbard, 
1956a; Taylor, 1960). 

The Ballard Formation occurs along 
the valleys of Spring Creek and Hart 
Draw in portions of all the mapped 
sections of the Big Springs area. 
Wherever the base of the Ballard is 
clearly exposed, it rests unconformably 
on the Rexroad. The maximum thickness 
of the Ballard measured in the area is 
in a bluff along the south side of Spring 


Creek, in SE 1/4 NW 1/4 sec 19, T 32 S, 
R 28 W. At this locality, the Ballard 
is 42.5 ft thick and has an apparent dip 
of about 4° east (see Measured Section 
5. В 203): 

Hibbard (1958) introduced the name 
Angell member, for the basal portion of 
the Ballard Formation, designating the 
13.7 ft of cross-bedded, partly cemented, 
sand, gravel and cobbles, exposed near 
the base of the Sanders Gravel pit in 
SE 1/4 NW 1/4 sec 7, T 32S, R 28 W, as 
the type section. 

Differences in amount of cementation 
have produced some lateral variation in 
the appearances of the Angell member. 
Three different modes of, occurrence 
have been recognized. In its most com- 
mon form, it is a well indurated, cross- 
bedded, dark gray sand and gravel, 
stained with manganese and iron, best 
displayed in outcrops along Spring Creek 
and its tributaries, in sections 11, 12 
and 24, T 325, В 29 W, and in sections 
7 and 8, T 32 S, R 28 W. Less fre- 
quently, the Angell occurs as a partially 
cemented, cross-bedded, yellow-buff 
sand and gravel, exemplified by ex- 
posures in the NE 1/4 SE 1/4 sec 14, 
T 32 S, R 29 W, and NW 1/4SE 1/4 
sec 19, T 32 S, R 28 W. A third type 
of occurrence, in which the deposit is a 
yellowish-tan, unconsolidated sand and 
gravel, was observed in the SW 1/4 
NW 1/4 sec 24, T 32 $, В 29 W. 

Fossils are not abundant in the Angell 
member although some vertebrate re- 
mains have been collected from ex- 
posures at the Sanders Gravel pit 
(Hibbard, 1956a). 

The Missler member of the Ballard 
Formation (Hibbard, 1949a) is the 
reddish-buff sand and silt overlying the 
Angell sand and gravel sections in 6 and 
7, T 32 S, R 28 W. Good outcrops, 
where the member is as much as 35 ft 
thick, occur along Spring Creek and its 
tributaries in sections 12, 14 and 23, 
Т 325, В 29 W, and in sections 7 
8 and 19, T 325, В 28 W. The Missler, 
where it is well exposed because of the 
steepness of slope, usually appears as 
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reddish-brown and green sands, silts 
and clays, interbedded with zones of 
caliche nodules and stringers. A well 
indurated, dense, white caliche, about 
6 in. thick, often occurs near the top of 
this member. 

Crooked Creek Formation. The 
Crooked Creek Formation as defined by 
Hibbard (1949a), includes those sedi- 
ments which were laid down during the 
cycle of deposition which followed the 
Ballard Formation. It is by far the 
most widespread formation exposed in 
the study area, and reaches a thickness 
locally of at least 61.5 ft. 

The basal Stump Arroyo sand and 
gravel member of the Crooked Creek 
Formation is extensively exposed in 
portions of all sections of the map area, 
reaching a thickness of up to 31.5 ft. 
It occurs most frequently as an uncon- 
solidated, reddish-tan sand and pebble 
rubble. The gravel contains a dis- 
tinctive milky white quartz component, 
which in overall aspect makes the Stump 
Arroyo appear lighter in color than the 
Angell sand and gravel. The sands and 
gravels are generally not well sorted 
and cross-bedding is poorly preserved. 
Locally the Stump Arroyo occurs as a 
lime cemented, cross-bedded, sand and 
gravel which grades upward toa 
massive greenish-gray sand. The 
surface of the entire unit usually is 
stained a dark gray. 

The gray color of the Stump Arroyo 
is possibly imparted by finely dissemi- 
nated particles of manganese and iron 
which have been reworked from 
weathered portions of the Angell mem- 
ber of the Ballard. No pieces of re- 
worked Angell were observed at the 
localities examined, although such an 
occurrence has been reported by Hibbard 
(1951), in unconsolidated Stump Arroyo 
in the Seger Gravel pit. The sand 
presently being deposited in the beds of 
Hart Draw and Spring Creek contains 
local concentrations of this black man- 
ganese and iron stain; here, too, the 
color is apparently derived from re- 
worked older beds. 


Vestiges of what seem to be the channel 
or channels, in which the Stump Arroyo 
member was deposited, crop out along 
the tributaries of Spring Creek in 
sections 10, 11, 14 and 15, T 32S, В 29 
W. Some of the exposures reveal 
channels at least 12 ft deep, as evi- 
denced by the relief onthe Stump Arroyo- 
Missler contact. 

The only fossils collected from the 
Stump Arroyo member inthe Big Springs 
Ranch area are a lower molar (UMMP 
31352*) and astragalus (UMMP 31353) 
of Nannippus sp., from the N 1/2 sec 14, 
T 325, R 29 W. 

Exposures of the Atwater member of 
the Crooked Creek Formation occur in 
all sections of the mapped area. With 
the exception of the Kingsdown For- 
mation exposed in the S 1/2 sec 17, T 
32 S, R 28 W, this member forms most 
of the upland surface. The thickest 
section of Atwater measured consists of 
31.25 ft of reddish-brown sand and silt, 
intermixed with stringers and nodules of 
caliche and ash. It is exposed in the 
E 1/2 of sec 14, T 32 S, R 29 W (see 
Measured Section 2, p 200). The Pearl- 
ette ash, the most distinctive unit in 
the Atwater when present, is well ex- 
posed inthe NW 1/4 sec 18; SW 1/4 and 
NW 1/4 SE 1/4 sec 7, T32S, R 29 W, 
and in the NE 1/4 sec 14, T 325, В 
28 W. The greatest thickness of ash 
measured was a 160 in.section exposed 
in the NW 1/4 SE 1/4 sec 7, T 325, 
R 28 W. The fossiliferous base of this 
sequence is listed as locality 11, of the 
Cudahy fauna, in Hibbard (1949a, map 2). 
Getz (1960) has reported an astragalus 
of Canis sp. (UMMP 38406) from below 
a lentil of Pearlette ash exposed in the 
NW 1/4 sec 18, T 32S, В 28 У. 

Kingsdown Formation. The Kingsdown 
is represented in the vicinity of the 
Big Springs Ranch by scattered, dis- 
continuous remnants of stream channel 
and floodplain deposits. It reaches its 


*University of Michigan Museum of Paleon- 
tology catalogue number. 
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greatest development in the SE 1/4 sec 
18, T 32 S, R 28 W, at Mount Scott, on 
the north side of Spring Creek, where 
a thick sequence of at least 61 ft of 
gravel, sand, silt, clay and caliche are 
exposed (see Measured Section 3, p202). 
Other outcrops of the Kingsdown occur 
in the SW 1/4 sec 17, T 32S, R 28 W, on 
the south side of Hart Draw; in the SW 
1/4 sec 13, the SE 1/4 sec 14, T 32 $, 
В 29 W, and the $ 1/2 sec 18, T 32 5, 
R 28 W, on the north side of Spring 
Creek. 

The absence of the Kingsdown For- 
mation from the south side of Spring 
Creek in section 19, to the southwest of 
Mount Scott, may in part be the result 
of local sinkhole collapse. There is 
some evidence for at least one episode 
of late Pleistocene collapse that in- 
volved the Rexroad, Ballard and Crooked 
Creek formations in this area. Unit 11 
of the Ballard Formation (see Measured 
Section 5, p 203) is exposed some 42 ft 
above the base of a high bluff on the 
south side of Spring Creek, in the NW 
1/4 sec 19. A green clay which appears 
to be the same as unit 11, is exposed 
about 1/8 mile downstream near the base 
of the stream. If the bed at these 2 ex- 
posures is the same there must have 
been approximately 42 ft of displacement. 

The Kingsdown and Crooked Creek 
formations in section 18, are both capped 
by a caliche, which underlies the up- 
land surface. The contact between these 
2 formations is uncertain probably be- 
cause of the continued caliche accumu- 
lation on the Crooked Creek during the 
Sangamon. The boundary has been 
questionably mapped along the outermost 
occurrence of several caliche-capped 
hummocks which rise a short distance 
above the adjoining Crooked Creek 
caliche. The tops of these hummocks, 
approximately at the same elevation as 
the caprock at Mount Scott, have been 
interpreted as erosional remnants of 
what was formerly a more extensive 
Sangamon caliche bed. 

Kingsdown sediments, composed of 
red-brown silts capped in places by 


caliche, are exposed along the valleys 
of the north-south tributaries of Spring 
Creek, in the S 1/2 sec 18. Lithology 
and stratigraphic and topographic posi- 
tion suggest that these deposits are 
equivalent to the upper part of the Kings- 
down exposed at Mount Scott (see Meas- 
ured Section 3, p 202). 

The lower portions of the Kingsdown, 
exposed along the north side of Spring 
Creek and the southwest side of Hart 
Draw, include sediments which contain 
the Mount Scott local fauna and its 
stratigraphic equivalents. These sedi- 
ments consist primarily of sands, silts, 
silty clays and marls, deposited on the 
floodplain of ancestral Spring Creek. 

The Kingsdown exposed in a quarry at 
locality UM-K2-59, near the base of 
Mount Scott, contains at its base a 2 ft 
fossiliferous, greenish-brown to green 
silt, representing a floodplain phase of 
deposition. Overlying these sediments, 
is a 6.5 ft channel phase sequence of 
cut and fill structures, composed of 
lenses of sand and gravel containing 
cobbles up to 10 in. in length. The 
gravels appear to be composed of re- 
worked Stump Arroyo gravel and pieces 
of Ballard caliche. The close proximity 
of the Kingsdown at this locality to known 
exposures of the Stump Arroyo-Ballard 
contact (see Measured Section 3, p 202), 
together with the size and high degree of 
angularity of the caliche cobbles, all in- 
dicate a local origin for these coarser 
clastics, and by implication, that an- 
cestral Spring Creek had become en- 
trenched in the Crooked Creek For- 
mation, and had cut downward, at least 
locally, to the Ballard caliche. 

A similar succession occurs on the 
southwest side of Hart Draw (Hibbard 
& Taylor, 1960: 29). A dark brown silt 
containing mollusks and pollen (Kapp, 
1965) is exposed at locality UM-K3-60, 
near the base of Hart Draw, several 
hundred feet downstream from the 
section measured by Taylor (Hibbard 
& Taylor, 1960: 29-30). These sedi- 
ments are considered correlatives of 
those at UM-K2-59 on the basis of 


FIVE ILLINOIAN FAUNAS 199 


lithology and stratigraphic position, even 
though this relationship has not clearly 
been established by paleontologic evi- 
dence. 


The remaining outcrops of Kingsdown 
exposed along Spring Creek, upstream 
from UM-K2-59, are floodplain deposits 
similar to those at the base of Mount 
Scott. Thefossil-bearing units at locality 
UM-K1-60, however, are marls and 
sands which apparently represent a small 
lake or impoundment of the stream 
(Hibbard, 1963). 


Post-Kingsdown Sediments. At least 
2 cycles of post-Kingsdown incision and 
deposition are recognizeable in the Big 
Springs Ranch area. Evidence for the 
older channel cutting phase is recorded 
along the north bank of Spring Creek, in 
sections 13 and 14, T32S,R29 W. Here 
the Kingsdown Formation has been 
channeled into, at places, to a depth of 
at least 12 ft, and filled with fine gravel 
and light brown-buff sand and silt (Fig. 
4). These sediments were previously 
interpreted as Wisconsin in age (Miller, 
1961: 105), and placed in the Vanhem 
Formation, even though, at the time, 
there was no way of excluding the possi- 
bility of their Recent origin. Fossil 
mollusks since recovered from the upper 
part of these deposits (UM-K2-60 located 
in the SE 1/4 sec 14, T 32S, В 29 W), 
include 6 species no longer living in 
the Meade County area, thus supporting 
the original assignment of the beds to 
the Wisconsin Vanhem Formation. 


A thicker succession of sediments, 
with similar lithology, is exposed in 
bluffs along the south side of Spring 
Creek and along some of its tributaries. 
At some localities these deposits reach 
51 ft in thickness, filling channels that 
have been cutthroughthe Crooked Creek, 


Ballard and Rexroad formations to at 
least the present stream floor. These 
channel fills are believed to be equi- 
valent to the Vanhem exposed on the 
north side of Spring Creek, andprobably 
represent the position of ancestral Spring 
Creek during a portion of the Wisconsin. 


A younger cycle of post-Kingsdown 
cutting is represented by the present 
stream system. This valley cutting 
episode was discontinuous, as evidenced 
locally by at least one terrace level 
approximately 6 ft above the present 
stream floor of Spring Creek and Hart 
Draw and by the series of terrace de- 
posits of Late Wisconsin age located 
along the north side of the Cimarron 
River (Hibbard & Taylor, 1960: 22, 
McLaughlin, 1946: 36; Byrne & Mc- 
Laughlin, 1948: 84). 


The entrenchment of the Recent 
streams has not proceeded to the depth 
of the earlier Illinoian and Wisconsin 
erosional phases, for the base of the 
Kingsdown and Vanhem formations are 
not exposed. The valley walls along most 
of the major stream valleys are usually 
not steep, and the light brown sands, 
silts and gravels of Recent alluvium, 
exposed in the beds of these streams, 
often grade imperceptibly into the slope 
wash and wind blown sand obscuring the 
older deposits. These sediments mask 
the Vanhem Formation over much of the 
area. The relatively few good exposures 
of the Vanhem occur in steep bluffs and 
are not frequent enough to permit deter- 
mination of the aerial extent of this for- 
mation. These difficulties made it im- 
practical to separate the Vanhem from 
the younger Recent sediments, and the 
entire sequence of post-Kingsdown 
deposits has consequently been mapped 
as one unit. 
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Measured Sections 


Measured Section 1. Section measured in SW 1/4 NE 1/4 SE 1/4 sec 14, Т 32S, В 29 W, on 
north bank of Spring Creek. The section is a composite, with the upper 7.15 ft measured about 
85 ft upstream from the lower 6. 33 ft. 


Thickness Total 


of unit thickness 
Top of bank (in feet) (in feet) 
Vanhem Formation 
8. Gravel, sand and silt, light brown-buff; channeled into gray 
eJayabelow Say Iolo ood obo. No.0» 0 0 о re 2.25 2.25 
Kingsdown Formation 
7. Clay, light gray, with joints apparently dipping 430 W, 759 N 
ANGOLA MV Cie aM AMEE EME A A ОИК 2. 30 4.55 
6. Clay, “varved”, with light and dark gray laminae. ........ 2.60 deals 
Measured section continued 85 ft upstream. 
5. Clay, gray-black, with sandy limonitic nodules. . . . . . . . . . 2. 20 9.35 
A Clay black withrealiehernoduleser runs о ое 0.75 10.10 
3. Clay, silty, greenish-brown, grading upward into 
plackgtelayztlloez UMZKAZ53) EN ee RE а: 1. 33 11.43 
Clay, black, streaked with white flecks. . . . . . . . . . ts es 0. 25 11.68 
1. Silty clay, greenish-brown on fresh exposures, gray- 
black when dry; limonite stains; shell zone in 
upper Hall (base NOt. Exposed) ие ооо. ande се 1.80 13. 48 


Floor of Spring Creek 


Measured Section 2. Started in the floor of Spring Creek, NW 1/4SE 1/4 sec 14, T 32S, R 
29 W, Meade County, Kansas and measured along a northward traverse that ascends to the High 
Plains surface. 


Thickness Total 
of unit thickness 


Crooked Creek Formation (in feet) (in feet) 


Atwater member 
11. Silts and caliche, gray-brown, containing caliche nodules 
ANG ISELINGOST ое eee celte lee oie ok ooh бое eier Anne 28:19 28.75 
10. Volcanic ash (Pearlette ash), white, impure, containing | 
reworked fragments of jasper, feldspar; contact above and 


below. veryPirrekulars ее о се 2.50 31. 25 
9. Sandy silt, thin-bedded, thin clay layer on top, olive color 
withtorange!mottling ers a оО SERRE 1.00 32. 25 


Stump Arroyo member 
8. Gravel, with milky white quartz most distinctive component, 
gravel imbedded in gray-green sandy silt matrix, 
ped cemented in places: ee ale ee u a nee allas suns 29. 50 61:75 


Ballard Formation 


Missler member 
Mill ton BLONDES ae re en Leo nie Monte ae 115/50 63. 25 
CAMELA wor CSM: een ee RE LEW sire) еее RTS woo < . 80 64. 05 
5. Caliche, fine grained, well indurated... u. nen eae ecke Me 0. 50 64. 55 


© 
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Thickness Total 


of unit thickness 
(in feet) (in feet) 
4. Clay, thinly laminated, light brown, high in organic content... 1. 20 65.75 
3. Silts, red, interbedded with caliche nodules. ........... 3. 20 68.95 
2. Sand, yellow-brown, with lime cement, grades upward 
into red-brown to red-buff silt, with zones of caliche 
nodules. Sand stained orange with limonite streaks. ....... 6. 00 74.95 
Angell member 
1. Sand and gravel, medium to coarse yellow-buff, indurated 
in places. Light buff color on dry surface. Top 18" cross 
beddede(basemotiexposed) sleds) rates dodo ово see emo ные 4. 00 78.95: 


Measured Section 3. Section measured on the north side of Spring Creek, in the SE 1/4sec 18, 
T 32S, R 28 W, Meade County, Kansas. The section was started at a willow grove in the bed of 
Spring Creek and measured along a north northwest traverse which ascends to the top of Mount 
Scott. The description of sediments is based on fresh exposures. The stratigraphic section is 
approximately 3 ft greater than the usual topographic thickness because of Kingsdown deposits in 
channels cut into the Crooked Creek and Ballard Formations. Units 15and 18 contain respectively, 
localities 2 and 3 of the Cragin Quarry local fauna (Hibbard & Taylor, 1960) of Sangamon age. 


Thickness Total 
of unit thickness 
Topsoil (in feet) (in feet) 


Kingsdown Formation 
19. Caliche, white, indurated, porous, with irregular cavities. 
Surface covered with a black lichen. . . . . ... ... . . . . . . . 2. 00 2.00 
18. Sand and silt, red-brown, with zones of lime enrichment; 
some caliche nodules; orange-yellow limonite stringers; 
coarser at base, grading upward into finer sand and silt 
(Cragin Quarry local fauna, locality 3, comes from red- 


brownssiltnear top Of UNIT)... 6 5 e. 6 se es ee + + нее 11. 40 13. 40 
17. Silt, gray-green, with limonite blotches and stringers; 

Shellsatıpasesg и 0.80 14. 20 
16. Sand, medium to fine, light brown, grading upward to fine 

sand with orange limonite blotches and stringers. . . . ..... 7.40 21.60 


15. Silt, brown, with some limonite stringers. Contains 

Sphaerium and other mollusks. (Cragin Quarry local 

fauna LOCALITY: ML ANR ee ee ae ee Hat 6.70 28.30 
14. Clay, gray-green, with some fine silt; silt component 

increases towardstop; with manganese dioxide and limonite 


Strains: Contains SHES. еле ee Gow st sce e 7. 30 35. 60 
13. Clay, brown, with some silt; grades upward to light 

brownsbuffielays ren eh loa e Sev ses ое вом мые 11. 00 46.60 
12 Silty clay, light browns. сео ео нее wee es 1.60 48.20 
MAS andy clay red=bYOWN ее ое ое + ere 5. 00 53. 20 


Top of west wall of quarry 

10. Sand and gravel, yellow and buff, occur in cut and 
fill type deposition, with lenses of sand and gravel 
that pinch out laterally; sands containing some shells 
а. 5. 50 58.70 

9. Gravel, over 2 in. in diameter (reworked Stump 

Arroyo gravel) in yellow sand; cobbles of caliche 
(reworked Ballard caliche) up to 10 in. long; base 
irregular, channeled into lower unit. . 22 2.2. еее 0.80 59.50 
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Thickness Total 
of unit thickness 
(in feet) (in feet) 


8. Silt, coarse, greenish-brown, with mollusks (Mount 
Scott local fauna, locality UM-K2-59) grading upward 
into green silt and olive green clay with orange limonite 
CAVE ME RER о ER а о How 2. 00 61.50 
Quarry floor. Base of Kingsdown is not exposed 


Crooked Creek Formation 


Stump Arroyo member (exposed approximately 75 ft east 
southeast of quarry). 
7. Gravel and sand; sand colored yellow-orange. .......... 2.50 64.00 


Ballard Formation 


Missler member 
6. Silt, green; indurated, dense, white caliche at top 


formsEsmallprid Sey na ar Fe ee ents 1. 90 65.90 
бана пе богатое юном: Ao oO) oN. oO. Geo 5 01D Ur a 0.90 66. 80 
4. Clay, green, with lime enriched zone near top. .......... 1. 20 68. 00 
Sey Ollie; eG= DROWN Ве EE орон ее: 1.20 69. 20 
2 Clay, sity, green, with caliche nodules. .... u... 000% 2. 30 71.50 
и C OVER Intervall Man Se A noms 11. 30 82.80 


Floor of Spring Creek 
Measured Section 4. Section measured in the SW 1/4 SW 1/4 see 13, T 32S, R 29 W, onthe 
north side of Spring Creek. The Vanhem formation at this locality is channeled into the Kings- 


down and is topographically lower than the upper portion of that formation. 


Thickness Total 


of unit thickness 
Topsoil (in feet) (in feet) 
Kingsdown Formation 
7. Clay, gray-green, with red-brown limonite stringers; 
base not exposed. Top 2 ft contain mollusks........ Er 5.66 5. 66 
Vanhem Formation 
65 Coveredunternvalls a: ее SASS 5.66) 0 11. 32 
Top of bank 
5. Sands and silts, reddish-brown, with small caliche 
nodules; coarser at base, grading upward into finer 
sands and silts; contains lenses up to 6 1/2 in.thick 
of light gray clay. These sediments are channeled 
intosthe асе ау оао ne ие es 7.00 18. 32 


Kingsdown Formation 
4. Clay, black on fresh exposures; gray when dry; with 
nodules and streaks of calcium carbonate 3/4 of an inch 
in diameter, and red-orange limonite spots; unit con- 
taining many unionid fragments. . . . . . . . . . . . . . . ehr: 0.70 19. 02 
3. Silt, lightgray, with layers 1/2 in.thick stained with 
limonite; white calcareous stringers interspersed 
throughout the unit; unit containing many mollusks 


(Mt. Scott local fauna, locality UM-K1-60)......... ous 1. 00 20. 02 
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Thickness Total 
of unit thickness 
(in feet) (in feet) 
2. Marl; interbedded with very thin layers of yellow- 
orange sand. Contains mollusks, bone and plant 
impressions (Mt. Scott local fauna, locality 
UM RT GO) we ee ee ee N ne oi 0. 25 20. 27 
1. Sand, yellow on fresh exposures; gray-buff when 
dry; with mollusks and bones of fishes (Mt. Scott 
localsiauna wlocalityaUMZK1-60).. ce. a cite Se 0.85 21.12 
Floor of Spring Creek 


Measured Section 5. Section ascends the slope of a steep bluff, on the south side of Spring 
Creek, SW 1/4 NW 1/4 NW 1/4 sec 19 T 32S, В 28 W, Big Springs Ranch, Meade County, 
Kansas. The beds exposed in this section have an apparent dip of 40 to the east. 


Thickness Total 


of unit thickness 
Top of Bluff (in feet) (in feet) 
Topsoil 
Ballard Formation 
Missler member 
12. Clay, brown, grading upward into reddish-brown silt. ...... 1.33 7:33 
Шу. Clay, green with small modules: ofcaliche. ... tens +... на 1598 9. 26 
TO »siltzerzed with caliche nodules nl tal en en en 1.25 16.51 
922 Galiche, indurated = e. + 1. EEE teh: ge о nl TS ref 0. 50 17.01 
8. Clay, silty, green; grading upward to silt with layer 
olicaliche:stringersratitop. a atera cm e o a ape OTE 2. 00 19401 
7. Silt, red; with orange limonite blotches; zone of 
ealichesstringersmean top sr. ze. sn oe un в ab es eme one dors 3.93 22. 34 
6. Silts and clays, red; with local zones of lime enrich- 
mentzand’sand:pockets. seais ee cuss ws wile sers ee Er 5.66 28.00 
5. Sand and silt; grading upward from poorly cemented orange 
sand, to reddish-brown fine silt, with limonite blotches. 
Contains zones of lime enrichment, with caliche nodules 
and stringers concentrated near top of unit. . . . . . . . . SEE 4.17 32.17 
Angell member 
4. Sand, medium, yellow, becoming orange towards top; 
fine gravel concentrated towards bottom of unit; cross- 
bedded near base. Sand is case-hardened in areas, with 
lIMÉICEMENT. oir пор ee + о ie ee ee ee 5. 17 37.34 


Rexroad Formation 
Sen Galiche sinduratede. ee u RME сои SUCRE 0. 50 37.84 
2. Clay, rust colored; with 2 in.caliche layer at bottom. 
Clay contains nodules of caliche, 1 in.and less in 
diameter, -initop 20410 ws Sete A, IS Se 3. 50 41. 34 
1. Sand, red-rust colored, with green blotches. . .. ...... + à 1.33 48.67 
Floor of Spring Creek 
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Summary of the Late Cenozoic Geo- 


logic History of the Big Springs Ranch 


area. The late Cenozoic history of 
southwestern Kansas and northwestern 
Oklahoma has been reviewed in papers 
by Hibbard (1949a; 1950; 1954; 1955), 
and Hibbard & Taylor (1960). The dis- 
cussion below concerns primarily that 
portion of this history pertaining to the 
Big Springs Ranch area. 

There are no known exposures ofpre- 
Rexroad Pliocene sediments in the Big 
Springs Ranch area. The Rexroad For- 
mation represents a local accumulation 
of sediments from a through-flowing 
stream, which were trapped in a basin 
produced by subsidence along the west 
side of the Crooked Creek Fault some- 
time during the early part of the upper 
Pliocene (Smith, 1940: 98). A climatic 
change toward conditions of increased 
aridity near the end of Rexroad time is 
implied by the caliche occurring at the 
top of the Rexroad Formation (Hibbard, 
1954: 235). 

Increased runoff and regional warping 
rejuvenated the through-flowing streams 
at the close of Rexroad time, and in- 
augurated a new cycle of erosion and 
deposition, during which the sediments 
of the Ballard Formation (Nebraskan- 
Aftonian) were laid down (Hibbard, 1948: 
593). The decrease in particle size 
towards the top of the formation and 
the presence of a buried caliche seem 
to indicate a period of increasing drought. 
The climatic implications of the Sanders 
local fauna, which occurs above the 
buried caliche, suggests that this cycle 
terminated in a mesothermal, subhumid 
climate (Taylor, 1960). 

The sediments represented by the 
Crooked Creek Formation (Kansan-Yar- 
mouth) are the product of the episode 
of downcutting and deposition which 
followed the Ballard. Increased pre- 
cipitation and uplift are implied by the 
channels cut into the Ballard and coarser 
clastics represented by the Stump Arroyo 
sands and gravels. During late Yarmouth 
time, climatic conditions were again 
conducive to the formation of a caliche 





on the upper portion of the Crooked Creek 
Formation. 

Sometime during the late Yarmouth- 
early Illinoian interval, ancestral Spring 
Creek, flowing as a northwest-southeast 
stream, started to entrenchits course on 
the Yarmouth surface formed on top of 
the Crooked Creek Formation, and cut 
downward to at least the Angell member 
of the Ballard Formation. The topo- 
graphic occurrence of the Kingsdown, 
below the top of the older Crooked Creek 
Formation in the Big Springs Rancharea 
of Meade County, and in northwest Clark 
County, along the upper part of Bluff 
Creek (Hibbard & Taylor, 1960: 20), 
over 30 miles to the northeast, suggests 
that this cycle of valley cutting was 
related to regional, rather than local 
events. This erosional cycle was 
followed by one of deposition, which 
started later in the early Illinoian and 
continued through middle Sangamontime, 
nearly filling the valley to the Yarmouth 
surface. Sediments representing the 
lower portion of the Kingsdown, exposed 
at Mount Scott, are the result of stream 
aggradation; some of the units in the 
upper portion of this sequence, however, 
are probably eolian in origin. The 
Kingsdown sediments occuring along 
Spring Creek record only the late Illi- 
noian-early Sangomon part of this 
sequence. An older portion of the Kings- 
down, representing sediments equivalent 
to those containing the earlier Illinoian 
Butler Spring, Adams, Doby Springs and 


‘Berends local faunas, was probably de- 


posited in the deeper main channel phase 
somewhere to the south of Mount Scott. 

A late Sangamon-early Wisconsin ero- 
sion interval is indicated by the thick 
series of sediments filling the channels 
cut into the Kingsdown, Crooked Creek, 
Ballard and Rexroad formations. During 
this phase, ancestral Spring Creek, 
probably aided by local sinkhole collapse 
in the area to the south and southwest 
of Mount Scott, migrated to the south 
of the present valley as it became en- 
trenched in the older formations. The 
apparent dip of 49 E on the Ballard For- 
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FIG. 4. Photograph taken near locality UM-K4-53 showing sediments of the Vanhem Formation 


filling channels cut into the Kingsdown Formation. 


The white dashed line shows the approximate 


contact. In the middle foreground this contact is covered by slump. 


mation (see Measured Section 5), is 
believed to be related to this event. 
Those portions of the Kingsdown de- 
posited on the south side ofSpring Creek 
were either buried during the episode of 
sinkhole collapse or were removed 
during the subsequent cycle of stream en- 
trenchment. This new cycle of valley 
cutting was perhaps in part related to a 
climatic change involving an increase 
in preciptiation and runoff, such as is 
implied by the late Sangamon Jinglebob 
local fauna (Hibbard, 1955: 204; Hibbard 


& Taylor, 1960: 24). Later in the Wis- 
consin, aggrading streams filled the 
valleys cut during the previous erosional 
cycle with sediments belonging to the 
Vanhem Formation. 

The present stream system represents 
the most recent cycle of valley cutting. 
The entrenchment of the Recent streams 
has been discontinuous, as evidenced by 
the series of terraces along the Cimarron 
River (McLaughlin, 1947; Byrne & Mc- 
Laughlin, 1948; Hibbard & Taylor, 1960) 
and at least one terrace level along 
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Spring Creek and Hart Draw. 

Age and Correlation. The Mount Scott 
local fauna is considered Late Illinoian 
in age on the basis of the following 
stratigraphic and paleontologic evi- 
dence. 

1) It occurs in sediments that are 
topographically lower, but sträti- 
graphically younger, than the Crooked 
Creek Formation of Kansan and Yar- 
mouth age. At locality UM-K2-59, the 
fossils occur in a coarse, greenish- 
brown silt of the Kingsdown Formation 
which is channeled into the Stump Arroyo 
member of the Crooked Creek For- 
mation. The section at this locality may 
be followed up the slope of Mount Scott, 
to locality 3 of the Cragin Quarry local 
fauna ofSangamonage (Hibbard & Taylor, 
1960). The only gap in sedimentation in 
this interval, occurs at the base of unit 
9 (Measured Section 3); it is believed 
to represent only a small local uncon- 
formity produced by the migration ofthe 
main stream channel of ancestral Spring 
Creek northward toward Mount Scott 
soon after deposition of the sediments 
containing the UM-K2-59 faunule on the 
floodplain of this same stream. 

2) The Kingsdown Formationatlocality 
UM-K4-53, again is an alluvial deposit, 
occupying the valley of ancestral Spring 
Creek. This stream had become en- 
trenched inthe Crooked Creek Formation 
early in the Illinoian and cut downward 
to at least the Angell member of the 
Ballard Formation. The fossils at 
localities UM-K4-53 and UM-K1-60 are 
from the same stratigraphic interval of 
the Kingsdown Formation, which can be 
traced downstream about 1/2 mile (see 
Fig. 3) as an almost continuous bed. 
The stratigraphic position of the Kings- 
down in this area indicates that it is 
post-Crooked Creek in age. 

A post-Kingsdown episode of channel 
cutting is recorded by gravel and light 
brown-buff sands and silts filling valleys 
which have been cut into the Kingsdown 
Formation (Fig. 4). Mollusks recovered 
from this interval (locality UM-K2-60), 
include 6 species no longer living in 
Meade County area, thus eliminating 


the probability that these sediments are 
of Recent origin. The fossils are inter- 
preted as indicating a probable Wisconsin 
age for these sediments. The bed con- 
taining the UM-K4-53 and UM-K1-60 
faunules is thus post- Yarmouth (Crooked 
Creek Formation) and pre-Wisconsin 
(Vanhem Formation) in age. 

3) The presence of many species with 
predominantly northern and/or north- 
eastern distributions implies a glacial 
fauna, which, on the basis of the strati- 
graphic position of the containing beds, 
must be Illinoian. Miller (1961: 123) af- 
ter studying the mollusks from UM-K4- 
53, concluded “If future work can defi- 
nitely establish the age of the fossils as 
Illinoian, the term ‘Butler Spring local 
fauna’ should be used for this local fau- 
nule.” Subsequent study however, has 
suggested that the Mount Scottis slightly 
younger than the Butler Spring local fau- 
na. The Mount Scott local fauna appears 
to be the youngest of the 5 Illinoian mol- 
luscan assemblages (Mount Scott, Butler 
Spring, Adams, Doby Springs and Be- 
rends local faunas) considered in this 
report. 

A climatic change from a cooler glacial 
maximum, represented by the Doby 
Springs local fauna, to slightly warmer 
conditions during the time the Mount 
Scott local fauna lived, is indicated by 
the mammals (Hibbard, 1963) and the 
pollen (Kapp, 1965). The mollusks imply 
a similar trend with the number of 
species with southern distributions in- 
creasing from 4, in the Doby Springs 
local fauna (Uniomerus tetralasmus, 
Physa anatina, Gastrocopta procera and 
G. cristata), to 6 in Mount Scott local 
fauna (which moreover includes Gastro- 
copta pellucida hordeacella and Helico- 
discus singleyanus). 

Habitat. Table 3 lists by habitat group, 
the species of mollusks occuring in the 
Mount Scott local fauna. 

Miller (1961: 123), concluded that the 
molluscan assemblage at locality UM- 
K4-53 represented 3 major habitats: 
“(1) a small permanent stream of the 
same approximate size as the present 
Spring Creek; (2) a temporary water 
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TABLE 3. Summary of the local habitats represented by the mollusks of the Mount Scott Local 


Fauna. 


Habitat 


Semiaquatic: among vegetation and 
debris near water’s edge. 


Hygrophilic: moist situations in leaf 
mold, under sticks and debris; shaded 
areas, not far from water. 


Woodland: moist areas under leaf litter, 
down timber, among tall marsh grass, 
on the floodplain. 


Sheltered areas: among rocks, shrubs, 
grass, or in timbered situations. 


Sheltered situations: these species are 
not restricted to a woodland habitat 
and can tolerate drier conditions. 


Marginal situations: wet mud, sticks, 
stones, or any other debris along 
water’s edge; shallow pools and 
protected spots. 


Shallow, quiet water: small streams, 
ponds, or sloughs on the floodplain, 
that may become dry during part of 
the year. 





Locality and 
Abundance* 
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Carychium exiguum 
Vertigo ovata 
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Gastrocopta tappaniana 
Deroceras aenigma 
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Cionella lubrica 
Stenotrema leai 

Discus cronkhitei 
Zonitoides arboreus 

Z. nitidus 

Nesovitrea electrina 
Euconulus fulvus 
Strobilops labyrinthica 
Helicodiscus parallelus 
Punctum minutissimum 
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G. cristata 
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G. pellucida hordeacella 
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Helicodiscus singleyanus 
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Table 3 (cont.) 


Habitat 


(cont. ) 


Shallow, quiet water: small pond, 
streams or sloughs with no current or 
areas of rooted vegetation with little 
current; soft sand or mud bottoms; 
not subject to significant seasonal 
drying. 


Perennial water: stream or lake, with 
slow to moderate current; areas of 
still water; shallow spots with soft 
sand or mud substrate; not affected 
by seasonal drying. 


* 
R=<25; S= 26-49; C= 50-100; A=>100 shells. 


situation, perhaps a sloughor temporary 
pond, situated on the floodplain of the 
stream; and (3) a woodland habitat, 
situated near the stream.” New infor- 
mation, based on subsequent studies of 
the pollen (Kapp, 1965), the fishes (Smith, 
1963), the mammals (Hibbard, 1963), the 
remainder of the molluscan fauna and 
field observations, have confirmed some 
of these earlier conclusions and filled 
in certain details of the environment. 


Armiger crista 

Gyraulus circumstriatus 
Promenetus umbilicatellus 
Physa gyrina 

Aplexa hypnorum 
Ferrissia fragilis 


Uniomerus tetralasmus 

Sphaerium partumeium 

S. rhomboideum 

S. sulcatum 

S. transversum 

Pisidium obtusale 

Gyraulus parvus 

Helisoma trivolvis 

Promenetus exacuous form 
exacuous 

Physa anatina 

P. skinneri 

Laevapex fuscus 





Sphaerium lacustre 

S. striatinum 
Pisidium compressum 
P. nitidum 


P. subtruncatum 
P. variabile 

P. walkeri 
Valvata tricarinata 
Helisoma anceps 





Locality and 
Abundance* 
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Sedimentary and paleontologic evi- 
dence indicate that the Mount Scott 
local fauna contains the following major 
habitat associations: (1) a small lake 
or permanent pond; (2) a perennial 
stream; (3) atemporary water situation; 
(4) a marsh-woodland; and (5) anupland 
meadow. 

The thin bed of marl (unit 2, Measured 
Section 4) at locality UM-K1-60 implies 
slack water deposition at this site, and 
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is interpreted as indicatingthe existence 
of a small oxbow lake or permanent 
pond on the floodplain of ancestral Spring 
Creek. Faunal evidence, based pri- 
marily on the occurrence of Esox mas- 
quinongy, Ictiobus sp., Perca flaves- 
cens and Micropterus salmoides, (Smith, 
1963), an association of fish most fre- 
quently found in a lacustrine habitat 
(Smith, oral communication), supports 
this interpretation. Shallow areas near 
the shore of this lake probably con- 
tained dense growths of aquatic vege- 
tation which provided suitable habitat 
conditions for Promenetus exacuous 
form exacuous, Valvata tricarinata, Gy- 
vaulus parvus, Physa anatina, Sphaerium 
sulcatum, Pisidium variabile, P. walk- 
eri, P.nitidum and P. compressum. 
These species, which constitute the 
largest portion of the total number of 
individual mollsusks at this locality, 
are believed for the most part to have 
been autochthonous and to have lived at 
or near the site of deposition. Some of 
the shells in this group, especially those 
of the Valvata, show signs of abrasion 
suggesting that they have been trans- 
ported. These individuals, together with 
the thin layers of interbedded sand 
associated with the marl and more 
obvious allochthonous faunal elements, 
were probably washed into the lake during 
periods when the nearby stream wasin 
floodstage. 

The existence of a small permanent 
stream near the site at which the Mount 
Scott assemblage lived is indicated by 
the following: (1) theintermittent nature 
of the outcrop is suggestive of a me- 
andering stream that followed a course 
similar to that of the present Spring 
Creek. Similarities in lithology and 
fauna of localities UM-K4-53 and UM- 
K2-59 are interpreted as meaning that 
they were essentially contemporaneous 
and were once part of the floodplain of 
ancestral Spring Creek. (2) The sedi- 
ments directly overlying the Mount Scott 
local fauna at locality UM-K2-59 (units 
9 and 10, Measured Section 3) consist 
of lentils of cobbles, gravel and sand. 
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These cut and fill structures are be- 
lieved to represent a younger depo- 
sitional phase when the main stream 
channel of ancestralSpring Creek shifted 
north over the older floodplain. (3) The 
large fish assemblage reported from 
the Mount Scott localfauna (Smith, 1963), 
as well as some of the mollusks (Miller, 
1961; this paper), suggest permanently 
flowing water. This stream was per- 
haps several feet deep and in places had 
a slow to moderate current, a sub- 
strate of mud, soft sand and some gravel, 
and shallow spots with dense rooted 
vegetation that greatly reduced the 
effects of the current. 

The presence of ephemeral bodies of 
water on the floodplain of ancestral 
Spring Creek is evidenced by the occur- 
rence of prominent “rest marks” on 
many of the Pisidium casertanum and 
Sphaerium occidentale, a condition gen- 
erally considered indicative of a fluctu- 
ating water level, and by the abundance 
of aquatic mollusks frequently associated 
with temporary water situations. The 
overwhelming predominance among the 
aquatic mollusks of locality UM-K2-59 
of temporary water species, together 
with the relatively large terrestrial 
faunal element, suggests that it was 
probably part of a backwater Swamp or 
marsh. The mollusks requiring perma- 
nent water, as well as the fish, were 
probably carried to this site from the 
nearby stream during floods. 

A marshy-woodland community repre- 
senting animals which probably lived 
on the floodplain of the stream among 
patches of tall grass, sedges, shrubs 
and some scattered stands of trees in 
which moist leaf mold accumulated, is 
implied by the pollen spectra (Kapp, 
1965) and the abundance of Strobilops 
labyrinthica, Gastrocopta contracta, G. 
tappaniana, Vertigo ovata, V. milium, 
Oxyloma sp., Helicodiscus parallelus, 
Deroceras aenigma, Carychium exi- 
guum and Zonitoides nitidus. Some of 
the mammals represented by Sorex cin- 
ereus, S. arcticus, Oryzomys fossilis, 
Synaptomys australis, Blarina brevi- 
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cauda carolinensis, Microtus pennsyl- 
vanicus and Zapus hudsonius transition- 
alis (Hibbard, 1963), support this con- 
clusion. 

A better drained upland, containing 
some trees, herbaceous composites and 
grasses, is indicated by the pollen (Kapp, 
1965). This community included Crypto- 
tis parva, Pedomys ochrogaster, Lepus 
and Citellus (Hibbard, 1963; Stephens, 
1960), and some of the less numerous 
xerophilic terrestrial gastropods repre- 
sented by Gastrocopta pellucida hordea- 
cella, G. cristata, Helicodiscus singley- 
anus and Pupoides albilabris. 

Climate. The climatic conditions 
under which the Mount Scott local fauna 
lived may be inferred from the elements 
of the fauna. Interpretation of the Mount 
Scott molluscan assemblage is predi- 
cated on 2 assumptions: (1) that cli- 
matic factors are the primary agents 
controlling the distribution of non- 
marine mollusks (Taylor, 1960; Boycott, 
1921; 1934; 1936). The rationale for 
believing that the north-south and east- 
west distributions of some groups of 
mollusks appear to be controlled 
essentially by temperature extremes and 
available moisture has been presented 
by Taylor (1960). (2) The area in the 
Great Plains containing a molluscan 
fauna most similar to the Mount Scott 
assemblage will probably most closely 
Simulate the climatic conditions repre- 
sented by the Mount Scott mollusks. 

Additions to the Mount Scott molluscan 
fauna and new distribution data for some 
of the species in the Great Plains region 
has necessitated a slightly different 
climatic interpretation from that given 
by Miller (1961). Perhaps the most 
conspicuous and significant aspect of 
the Mount Scott molluscan fauna is the 
relatively large number of species it 
contains as compared with the de- 
pauperate Recent fauna of the Meade 
County area. Hibbard & Taylor (1960) 
listed only 29 species living inthe county 
today, whereas the Mount Scott local 
fauna contains some 63 species. The 
contrast in size alone, between the Recent 


and fossil molluscan faunas, signifies a 
climate markedly different from that 
which characterizes the area today. 

The majority of the fossil species are 
aquatic, requiring permanent or semi- 
permanent water, and for the most part 
are presently distributed well to the 
north and/or northeast of the Mount Scott 
fauna locality. The variety of habitats 
indicated by the fauna requires a supply 
of water not available in the area at the 
present time. Hibbard (1963) suggested 
that incision by ancestral Spring Creek 
of the highly charged aquifers repre- 
sented by the Stump Arroyo and Angell 
sands and gravels would have produced 
a series of springs that provided much 
of the water for the aquatic habitats. 
The amount of downcutting necessary to 
expose these aquifers, together with the 
occurrence of land snails that probably 
would not have been influenced by these 
springs, imply greater runoff due to an 
increase in rainfall. 

Although the Mount Scott molluscan 
assemblage contains some associations 
of species that are no longer known to 
occur together (e.g., Pupilla blandi and 
Stenotrema leat) it most resembles the 
fauna living in the tri-state area of 
Nebraska, South Dakota and Iowa, far 
to the north. The mollusks of this area 
have not been intensively studied, but 
published records (Shimek, 1915; Over, 
1915, 1928; Roscoe, 1954, 1955; Jones, 
1932; and Taylor, 1960), together with 
materials examined in the’ University 
of Michigan Museum of Zoology and the 
United States National Museum col- 
lections indicate that 50 ofthe 63 species 
included in the Mount Scott local fauna 
occur in this general region. 

Forty-seven of the species repre- 
sented in the Mount Scott local fauna 
have been recorded from the area 
surrounding the Lake Okoboji region of 
northwest Iowa. The great similarities 
between the molluscan fauna of this rela- 
tively restricted area and the Mount 
Scott assemblage, together with the fact 
that many species with predominantly 
northern, northeastern and southern dis- 
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TABLE 4. Comparison of climatic data for Meade County, Kansas, and the Lake Okoboji region 


of Northwest Iowa* 


Temperature 


Annual temperature 
Normal winter temperature 


Normal summer temperature 


Normal annual numbers of days with maximum 


temperature of 90° or higher 


Normal annual number of days with daily 
maximum temperatures above 85° 


Normal daily maximum temperature in July 


Normal annual number of days of very hot 
weather (day and night averaging 75° or 
higher) 


Evaporation 


Normal annual evaporation from reservoirs 
and shallow lakes 
Normal annual evaporation from pans 


Normal annual excess of precipitation over 


Meade County 


evaporation 
Precipitation 


Normal annual precipitation 
Percent of precipitation that occurs in summer 


Normal summer precipitation 


*Based on Visher, 1954 


tributions, are close to or at the peri- 
phery of their respective ranges in the 
Great Plains region in this area, are 
interpreted as indicating that the climatic 
conditions prevaling in the Lake Okoboji 
region represent fairly closely those 
that existed in southwestern Kansas at the 
time the Mount Scott local fauna lived. 

Twelve of the extant species not 
occurring in the Lake Okoboji areaform 
part of the 3 major distribution groups 
mentioned above. The northern element 
includes Pisidium variabile, P. walkeri, 
P. nitidum, P. subtruncatum, Sphaerium 
occidentale and Pupilla blandi. The 





Lake Okoboji 


550-600 F 400-450 F 
250-350 F 150-200 Е 
750-800 Е 659-709 F 
60- 80 10-20 
80-100 10-30 
900-930 F 849-870 F 
0 


50-70 inches 30-40 inches 


90 inches 50-60 inches 


0 inches 0-10 inches 


20-30 inches 
30-40% 


20-30 inches 
40-50% 


6-8 inches 10-12 inches 


first 2 species in this group are pres- 
ently known to occur in South Dakota 
and eastern Iowa, while P. nitidum has 
been recorded from eastern Iowa and 
Douglas County, Nebraska (UMMZ 
110376)*. Р. subtruncatum and P. ob- 
tusale reach their southern limits in 
the Great Plains, in South Dakota 
(Herrington, 1962). Two species are 
included in the northeastern category. 
Ferrissia fragilis and Laevapex fuscus 


*University of Michigan Museum of Zoology 
catalogue number. 
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occur in Iowa to the south and east of 


Lake Okoboji (Leonard, 1959; Basch, 
1963). 
Three species with predominantly 


southern distributions, Physa anatina, 
Gastrocopta cristata and Helicodiscus 
singleyanus, occur in northeastern Neb- 
raska and southeastern South Dakota, and 
might be expected in the Okoboji region 
of Iowa (Taylor, 1960; Roscoe, 1954). 
A fourth member of this group, Gastro- 
copta pellucida hordeacella, reaches the 
northern limit of its range in the Plains, 
in the northeastern Kansas-southeastern 
Nebraska region. 

The occurrence in the Mount Scott 
local fauna of species that are now 
separated by several hundred miles 
seems most reasonably explained in 
terms of climatic change in which sea- 
sonal extremes were not of the same 
magnitude as those which presently 
characterize the Meade County or over- 
lap areas. 

The climatic differences between 
Meade County, Kansas and the Lake 
Okoboji region of Iowa are most pro- 
nounced in terms of summer tempera- 
tures and moisture extremes (Table 4). 
The normal summer temperatures inthe 
Okoboji area are about 5° cooler than in 
Meade County. The latter moreover has 
higher maximum summer temperatures 
which persist for longer periods of time. 
Both areas are shown by Visher (1954) 
as having an annual rate of precipi- 
tation of between 20-30 in., but the 
Okoboji region receives a larger portion 
of this precipitation during the summer 
months when it is most needed. The 
greater summer rainfall, lower 
temperature, and smaller evapotran- 
Spiration rates, produce cooler, more 
moist summers in the Lake Okoboji 
area. 

The low frequency of some of the 
southern faunal elements in the Mount 
Scott local fauna, represented by Heli- 
codiscus singleyanus and Gastrocopta 
pellucida hordeacella, suggests. that 
these species may have been close to 
the limits of their range. G. p. hor- 


deacella is the most southerly mollusk 
in the fauna, with respect to its range, 
in the Great Plains; it presently ex- 
tends as far north as the southeastern 
Nebraska-northeastern Kansas area. 
The association in the Mount Scott local 
fauna of G. p. hordeacella and other 
southern elements, with more northerly 
species seems best explained by assum- 
ing that the winter temperatures were 
not quite as cold as those now occurring 
in the vicinity of Lake Okoboji. 

A winter temperature between 25° and 
35° F, similar to that existing in the 
area of the Great Plains in which G. p. 
hordeacella reaches its northern limits, 
is believed to have prevailed during the 
time the Mount Scott local fauna lived. 
The summers during this interval were 
probably like those of northwestern Iowa 
at the present, with temperatures 
between 65° and 700 Е, and with between 
20-30 in. of rainfall, 10-12 in. of which 
falls during the warmer part of the year 
(see Table 4). 


Summary of Illinoian 
Molluscan Faunas 


The 5 molluscan assemblages con- 
sidered inthis report show compositional 
differences which seem best explained by 
assuming climatic change. The Doby 
Springs and Mount Scott local faunas 
appear to represent the climatic end 
points in a sequence of Illinoian biotic 
assemblages. Vertebrate and pollen evi- 
dence show that the Doby Springs local 
fauna represents the coolest and the 
Mount Scott local fauna the warmest of 
these faunas. The mollusks show a 
Similar trend with the Doby Springs 
containing fewer southern elements than 
does the Mount Scott local fauna. The 
Doby Springs local fauna has been inter- 
preted by Kapp (1965) and Hibbard (1963) 
as having probably lived during maxi- 
mum Illinoian glaciation, while the Mount 
Scott local fauna has been considered 
as transitional between the Illinoian and 
Sangamon (Kapp, 1965). Although several 
stadial-interstadial intervals may have 
occurred, there is no evidence in this 


FIVE ILLINOIAN FAUNAS 213 


area indicating that these faunas lived 
during more than one substage of the 
Illinoian. This interval was charac- 
terized by a trend towards increasingly 
warmer climatic conditions which 
culminated in the Sangamon interglacial. 

A tentative chronology based on the 
climatic interpretation of the faunas, 
first and last occurrences of molluscan 
species, and pollen analytical data, 
suggests that the Doby Springs probably 
represents the oldest, followed by the 
Adams, Butler Spring and Mount Scott 
local faunas. 

The proper placement of the Berends 
local fauna in this sequence is not cer- 
tain. The overlap area for most of the 
mollusks of the Berends local fauna is 
the northeastern Nebraska-northwestern 
Iowa region. This has been interpreted 
to mean that the Berends assemblage 
lived at a time when the climate in the 
panhandle of Oklahoma was similar to 
that now occuring in the Plains farther 
to the north. The winters probably 
average about 20° F, with average sum- 
mer temperatures of 700 F. The pre- 
cipitation was between 20-30 in.(Visher, 
1954). This indicates a slightly warmer, 
more moist climate than that of the time 
of the Doby Springs and Adams local 
faunas. The last appearance in this 
area of the Plains of Planorbula armi- 
вета and Sphaerium securis occurs in 
the Berends local fauna. The absence 
of these 2 speciesfrom the Doby Springs, 
Adams, Butler Spring and Mount Scott 
local faunas has been interpreted to 
mean that the Berends assemblage prob- 
ably lived earlier in the Illinoian, before 
these species had become locally ex- 
tinct. 

The Doby Springs mollusks represent 
the coolest of the 5Illinoianassemblages 
considered in this report. The distri- 
bution pattern of the Doby Springs mol- 
lusks suggests that this assemblage 
probably lived in a climate that com- 
bined winters similar to those in north- 
eastern Nebraska-northwestern Iowa 
(the area in which the majority of the 
Doby Springs species currently occur), 


with summers that were no more severe 
than those now occurring in northern 
North Dakota and Minnesota. The in- 
ferred climate for the Harper County, 
Oklahoma area at the time the Doby 
Springs local fauna lived probably con- 
sisted of summer temperatures of be- 
tween 650-700 Е, with winter tem- 
peratures of between 159-209 Е, and 
an annual precipitation of about 18- 
20 in., 8-10 in. of which fell during the 
summer months. 

The overlap area which encompasses 
most of the species present inthe Adams 
and Butler Spring local faunas is not 
very different from that of the Doby 
Springs local fauna. The climate at 
the time the Adams and Butler Spring 
local faunas lived combined winters 
which were similar to those now occur- 
ring in northeastern Nebraska with sum- 
mers like those that presently prevail 
in eastern Montana and the Dakotas. 
Winter temperatures were probably be- 
tween 15°-20° Е, with normal summer 
temperatures of 659-709 F. The annual 
precipitation was perhaps between 18- 
19 in. | 

The Adams and Butler Spring local 
faunas appear to have lived during a 
slightly warmer phase of the Illinoian 
than did the Doby Springs local fauna. 
Some of the same northern species 
present in the Doby Springs local fauna 
continued to live in the area through the 
time represented by the Butler Spring 
local fauna, but they were greatly re- 
duced in numbers. In addition, the Adams 
and Butler Spring local faunas contain 
the earliest Illinoian occurrences in the 
Meade County area of Helicodiscus sing- 
leyanus, a relatively southern species. 
These 2 lines of evidence suggest that 
the climate was changing towards slightly 
warmer conditions. This warming trend 
evidently brought about a reduction in 
many of the northern species which were 
present in the Doby Springs local fauna, 
and permitted more southerly elements 
to enter this area. This influx of 
southern species continued through at 
least that portion of the Illinoian repre- 
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PLATE I 
Sphaerium sulcatum (Lamarck), Mount Scott Locality UM-K2-59. Inner and outer 
view of right valve. X4, UMMZ 208885a. 


Anodonta grandis Say, Doby Springs locality 4. Outer view of right valve. X0.8, 
UMMZ 213832. 


Pisidium obtusale (Lamarck), Mount Scott locality UM-K2-59. Inner and outer views 
of left valve. X8, UMMZ 20887 2a. 


Pisidium subtruncatum Malm. Fig. 6, Mount Scott locality UM-K4-53. Outer view 
of right valve. X8, UMMZ 200632. Fig. 7, Jones Sink, lower level. Inner view of 
right valve. X8, UMMZ 195840a. 


Cionella lubrica (Müller), Doby Springs locality 4. Apertural view. X8, UMMZ 
208994. 


Sphaerium occidentale Prime. Mount Scott locality UM-K2-59. Inner and outer 
views of left valve. X8, UMMZ 208880a. 


Vertigo elatior Sterki, Doby Springs locality 5. Apertural view. X8, UMMZ 
213770a. 


Oxyloma sp. , Mount Scott locality UM-K2-59. Apertural view. X8, UMMZ 213697a. 
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sented by the Mount Scott local fauna. 
The Adams and Butler Spring local 
faunas, thus, appear to be intermediate 
between the Doby Springs and Mount Scott 
local faunas. 

The Mount Scott local fauna is believed 
to be the youngest of the 5 Illinoian 
assemblages considered in this report. 
Locality UM-K2-59 of the Mount Scott 
local fauna occurs stratigraphically be- 
low the Cragin Quarry local fauna of 
Sangamon age (Hibbard & Taylor, 1960). 
There is no evidence in the intervening 
sequence of sediments of an unconfor- 
mity or of any faunas equivalent to the 
Butler Spring, Adams, Doby Springs or 
Berends local faunas. It is assumed 
that the correlatives of these assem- 
blages occur somewhere below the in- 
terval from which the Mount Scott local 
fauna was recovered. 

Several different lines of evidence, 
the overlap area of the mollusks, the 
larger number of species with relatively 
southern distributions, the mammals 
(Hibbard, 1963), and the pollen (Kapp, 
1965), all indicate that the Mount Scott 
local fauna is the warmest of the 5 
Illinoian faunas from this region. The 
majority of the molluscan species occur - 
ring in the Mount Scott local fauna are 
now found living in northwest Iowa in 
the area of Lake Okoboji. Some of the 
more southern species, however, only 
reach as far north in the Plains as the 
southeast Nebraska-northeast Kansas 
area. These distribution patterns 
suggest that the Mount Scott local fauna 
lived at a time when local winter 
temperatures were between 259-350 F, 
summers between 65°-70° Е, with be- 
tween 20-30 in.of rainfall per year, 10- 
12 in. of which fell during the warmer 
part of the year. 


SYSTEMATIC DISCUSSION 


The systematic discussion inthis por- 
tion of the paper includes all the mol- 
lusks from the Mount Scott and Doby 
Springs local faunas. Materials col- 
lected from post-Kingsdown sediments 


at locality UM-K2-60 are also included 
here because of their relevance to the 
dating of the Mount Scott local fauna. 
Only previously unreported species of 
mollusks appearing in the faunal lists 
of the Berends, Adams and Butler Spring 
local faunas are described. A summary 
of information is given for each species, 
consisting of geologic range, distri- 
bution, ecology and such taxonomic 
changes as are considered necessary. 
References listed under the synonymies 
for some of these species are not 
necessarily complete and usually include 
only some of the more important reports. 

The treatment of the various species 
has not been uniform, since many of the 
mollusks have been quite thoroughly dis- 
cussed in recent papers by Taylor (1960) 
and Hibbard & Taylor (1960). However, 
species not covered in these papers, as 
well as species requiring taxonomic 
changes have generally received detailed 
attention in this report. The super- 
familial and familial taxa used for the 
gastropods follow the arrangement pro- 
posed by Taylor & Sohl (1962). The 
terminations for the superfamily names, 
however, follows recommendation 29a of 
the International Commission on Zoo- 
logical Nomenclature (Stoll, 1961: 29), 
and end in “-oidea”. 

The ecologic and distributional data 
included for each species are in large 
part based on published information. 
The more important references include: 
Pilsbry (1946; 1948), Baker (1939), Leon- 
ard (1959), Taylor (1960) and Hibbard & 
Taylor (1960), for the terrestrial gastro- 
pods; Baker (1911; 1928a), Leonard 
(1959), Taylor (1960) and Hibbard & 
Taylor (1960), for the aquatic gastropods; 
and Baker (1928b), Herrington & Taylor 
(1958), Herrington (1962), Simpson 
(1914), Ortmann (1919) and Murray & 
Leonard (1962), for the pelecypods. 
Additional information obtained from 
personal collections and study of materi- 
als in the United States National Museum 
and University of Michigan Museum of 
Zoology, has also been included. The 
geologic range of each species is based 
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primarily on the information published 
by Taylor (1960) and Hibbard & Taylor 
(1960), and in general only includes 
records for the southwest Kansas-north- 
west Oklahoma region. 

In the discussion that follows, the 
University of Michigan Museum of 
Zoology (UMMZ) catalogue number, and 
the number of specimens counted (in 
parenthesis), are enteredafter “Materi- 
al” for each species. Numbersinexcess 
of 200 have usually been estimated volu- 
metrically. Integers are used to indicate 
specimens of pelecypods that have both 
valves intact. Fractions indicate 
separate pelecypod valves. 


Class Pelecypoda 
Order Prionodesmacea 
Family Unionidae 


Uniomerus tetralasmus (Say) 
Plate II, Figs. 3-5 


Geological Range. Late Pleistocene 
(Illinoian) to Recent. 

Distribution. “Throughout the Missis- 
sippi Valley as far northasforty degrees 
latitude and southwest to Mexico. Itis 
also found in the Ohio and Alabama 
river systems” (Scammon, 1906: 337). 

Ecology. It is found living in tem- 
porary ponds, tanks, sloughs and inter- 
mittent streams, in situations where no 
other mussels are likely to be found. 
This species is capable of withstanding 
periods of drought by burrowing into the 
substrate and hibernating over the dry 
period (Isely, 1925; Baker, 1928b). “In 
Kansas it occurs in habitats of soft or 
hard mud bottoms in shallow water” 
(Murray & Leonard, 1962: 84). 

Material. Doby Springs local fauna, 
locality 4, 208937 (1 + 4/2). Mount 
Scott local fauna, locality UM-K4-53, 
200649 (2/2); locality UM-K1-60, 213802 
(1/2); locality UM-K3-60, 214173 (4/2). 


Anodonta grandis Say 
Plate I, Fig. 3 


Geologic Range. 
(Illinoian) to Recent. 


Distribution. Entire Mississippi sys- 


Late Pleistocene 


tem; upper St. Lawrence drainage; Red 
River of the North; Lake Winnepeg, 
Manitoba; southwest to Texas; south- 
east to Pennsylvania. Itisinthe Tennes- 
see and Cumberland drainages (Ortmann, 
1919: 147). 

Ecology. In the southwestern part of 
its range it is usually a pond or lake 
form. The typical form is an inhabitant 
of smaller creeks, where it prefers 
quiet pools and eddies, and often lives 
in fine sand and mud (Ortmann, 1919: 
145). 

Material. Doby Springs local fauna, 
locality 4, 213832 (1/2). Butler Spring 
local fauna, locality 1, 208898 (1/2). 

Remarks. An early Pleistocene 
record, from the Sand Draw local fauna 
of Brown County, Nebraska (Taylor, 
1960: 45), is based on fragmentary 
material, and was questionably referred 
to genus and species. An identifiable 
portion of a left valve from locality 1, 
of the Butler Spring local fauna, con- 
firms the presence in this assemblage 
of Anodonta grandis, which had pre- 
viously been queried (Hibbard & Taylor, 
1960: 74). 


Lasmigona complanata (Barnes) 


Geologic Range. Late Pleistocene 
(Illinoian) to Recent. 

Distribution. Upper Mississippi 
drainage as far south as Arkansas in 
the west; Ohio River system; upper 
St. Lawrence and its tributaries; north 
in MacKenzie River; Alabama drainage; 
it is found in northern Louisiana and 
extends westward to Iowa, Kansas, 
Arkansas and Oklahoma (Ortmann, 1919: 
136). The record of Recent occurrence 
of this species nearest to the Meade 
County area is from the Little Arkansas 
River, Wichita, Sedgwick County, Kan- 
sas (Murray & Leonard, 1962). 

Ecology. Prefers deep and quiet water 
with muddy bottoms; but is found oc- 
casionally in riffles and in gravel (Ort- 
mann, 1919: 135). 

Material. Adams local fauna, locality 
3, 208899 (1/2), 214072 (2/2). 

Remarks. Parts of the umbone region 
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PLATE II 


Sphaerium rhomboideum (Say), Doby Springs locality 1. Inner and outer views of 
right valve. X4, UMMZ 213739a. 


Uniomerus tetralasmus (Say), Doby Springs locality 4. Figs. 3, 4, Inner and 
outer views of right valve. X0.8, UMMZ 208937a. Fig. 5, Outer view of left 
valve showing umbonal sculpture. X4, UMMZ 208937b. 


Punctum minutissimum (Lea), Mount Scott locality UM-K4-53. Apical, apertural 
and basal views. X16, UMMZ 200636a. 


Pisidium walkeri Sterki, Mount Scott locality UM-K1-60. Inner and outer views 
of right valve. X8, UMMZ 208873a. 


Pisidium variabile Prime, Mount Scott locality UM-K2-59. Inner and outer views 
of left valve. X8, UMMZ 208887a. 


Sphaerium securis Prime, Berends local fauna. Inner and outer views of left 
valve. X8, UMMZ 208840a. 


Sphaerium lacustre (Müller), Mount Scott locality UM-K4-53. Outer view of right 
valve. X4, UMMZ 200642a. 
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of 2 valves (UMMZ 213072) are only 
identifiable to genus, but it seems prob- 
able that they belong to the same species 
as the more complete specimen found at 
the same locality. This is the first 
record of this species from the Meade 
County region. 


Ligumia cf L. recta (Lamarck) 


Geologic Range. Late Pleistocene 


(Illinoian) to Recent. 


Distribution. “Entire Mississippi 
drainage; Alabama River Drainage; 


Red River of the North; St. Lawrence 
drainage” (Simpson, 1914: 95). The 
river form of this species L. 7. latis- 
sima has been reported from the Marais 
des Cygnes and Elk Rivers in south- 
eastern Kansas (Murray & Leonard, 
1962). 

Ecology. It prefers lakes and large 
rivers, where it may be found living 
under a variety of conditions (Ortmann, 
1919). 

Material. Butler Spring local fauna, 
locality 1, 214070 (1/2). 

Remarks. The material at handisa 
fragmentary left valve, in which the 
beak sculpture is somewhat worn. The 
double loop sculpture is characteristic 
of Ligumia and is probably Ligumia 
recta. The specimen represents the first 
fossil record of this species from the 
southwest Kansas-northwest Oklahoma 
area. 


Order Teleodesmacea 
Family Sphaeriidae 


Sphaerium lacustre (Müller) 
Plate I, Fig. 15 


Geologie Range. Middle Pleistocene 
(Kansan) to Recent. 

Distribution. Throughout most of 
North America, north of Mexico; Japan; 
Hawaii; Europe (Herrington, 1962). 

Ecology. “Most plentiful in small 
lakes and ponds, but also found in large 
lakes, rivers and creeks. It appears to 
have preference for a muddy bottom. I 
have collected the $. lacustve form 
vychkholti from ponds and bog-ponds, 


and S. lacustre form jayense from the 
mud of Rice Lake, Peterborough Co., 
Ontario, and in Hay Bay, Lennox and 
Addington Co., Ontario. In the latter 
place most specimens were obtained 
from black ooze a quarter to a half 
mile from shore, at a depth of 6-8 
meters” (Herrington, 1962: 20). 

Material. Mount Scott local fauna, 
locality UM-K4-53, 200642 (12/2). 

Remarks. Sphaerium lacustre form 
ryckholti has been reported from the 
Dixon local fauna, Kingman County, 
Kansas, which is believed to be either 
latest Nebraskan or earliest Aftonian in 
age (Herrington & Taylor, 1958). The 
earliest record of this forminthe Meade 
County area is from the Cudahy fauna 
of Kansan age (Herrington & Taylor, 
1958). The one valve from the UM-K4- 
53 material whichis complete, possesses 
a straighter hinge, truncated ends, and 
a more gently rounded central margin 
than S. lacustre form ryckholti, giving 
the shell a rectangular outline, charac- 
teristic of the ecologic form jayense. 
The Mount Scott shells represent the 
only known fossil occurrence of this 
form from the southwest Kansas-north- 
west Oklahoma area; all of the older 
records belong to S. lacustre form ryck- 
holti. 


Sphaerium occidentale Prime 
Plate I, Figs. 9-10 


Geologie Range. 
(Illinoian) to Recent. 

Distribution. Northern North Ameri- 
ca: New Brunswick, Quebec, Ontario; 
Eastern United States from Vermont, 
south to Georgia and Alabama; west to 
Great Lakes region; Western United 
States from Montana south to Utah and 
Colorado, west to Oregon and Washington 
(Herrington, 1962). 

Ecology. “Still waters of swamps, 
ditches, and ponds; among grass and 
leaves. This species has a preference 
for, or requires, a habitat that dries 
up for part of the year” (Herrington, 
1962: 22). 

Material. 


Late Pleistocene 


Doby Springs local fauna, 
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locality 4, 213833 (1/2). Mount Scott 
local fauna, locality UM-K4-53, 200643 
(1/2); locality UM-K2-59, 208877 (85/2), 
208880 (9/2). 

Remarks. The Doby Springs local 
fauna record representsthe oldest known 
occurrence of this species in the south- 
ern Great Plains. 


Sphaerium partumeium (Say) 


Geologic Range. Late Pliocene (Rex- 
road Formation) to Recent. 

Distribution. Southern Canada from 
New Brunswick west to Saskatchewan. 
Most of the United States east of Missis- 
sippi River; Minnesota, Nebraska, Iowa, 
Missouri, Kansas, Oklahoma, Louisiana, 
Texas, Montana, California and Nevada 
(Herrington, 1962). 

Ecology. “Ponds, swamps, small 
lakes, and slow-moving streams. It has 
a preference for a muddy bottom, and is 
fairly common” (Herrington, 1962: 24). 

Material. Mount Scott local fauna, 
locality UM-K2-59, 208878 (5/2). 

Remarks. The late Pliocene record 
is based on fragmentary material from 
locality UM-K1-59, of the Bender local 
fauna, of Meade County, which, because 
of its condition was only questionably 
referred to this species (Miller, 1964). 


Sphaerium rhomboideum (Say) 
Plate II, Figs. 1-2 


Geologic Range. Late Pleistocene 
(Illinoian) to Recent. 

Distribution. Ontario (as far north as 
James Bay and Manitoba); New England 
and New York west to Minnesota and 
Iowa; Montana and Idaho. Questionably 
recorded from Alaska, British Columbia 
and Nevada (Herrington, 1962). 

Ecology. In still water of enlarge- 
ments in creeks and rivers; sheltered 
places in small lakes. It has a prefer- 
ence for a soft muddy bottom, with con- 
siderable vegetal growth of weeds and 
algae (Herrington, 1962). 

Material. Doby Springs local fauna, 
locality 1, 213739 (9/2); locality 4, 
213834 (3/2). Mount Scott local fauna, 
locality UM-K4-53, 200644 (1/2). 


Remarks. The Doby Springs record 
represents the oldest fossil occurrence 
of this species from the southern Plains 
region. 


Sphaerium securis Prime 
Plate II, Figs. 12-13 


Geologic Range. Late Pleistocene 
(Illinoian) to Recent. 

Distribution. Newfoundland, Maritime 
Provinces, Quebec, Ontario (southern 
part), British Columbia; most of states 
of Mississippi River in United States; 
Minnesota, Nebraska, Iowa, Arkansas, 
Texas, Montana and Washington (Her- 
rington, 1962). 

Ecology. “Ponds, lakes and rivers. 
Frequently found in fine sand” (Herring- 
ton, 1962: 26). Taylor (1960: 46) col- 
lected it from a small permanent or 
nearly permanent pond in sandy bottom 
among dense vegetationin shallow water. 

Material. Berends localfauna, 208840 
(7/2). 

Remarks. This is the first known 
fossil record of this species from the 
southern Great Plains. 


Sphaerium striatinum (Lamarck) 


Geologic Range. Late Pliocene (Rex- 
road Formation) to Recent. 

Distribution. Most of North America 
from Panama to the Great Slave Lake, 
Northwest Territories (Hibbard & 
Taylor, 1960). 

Ecology. The typical form of this 
species is restricted to perennial bodies 
of water with some current action. It 
has been found living in sand, sandy 
gravel and sandy mud substrates, in 
water from 2-3 in. down to a depth of 
13.5 meters. It has never been collected 
from ponds, lagoons, bog-ponds, swamps 
or anywhere in stagnant water (Herring- 
ton, 1962). 

Material. Doby Springs local fauna, 
locality 4, 213826 (52/2). Mount Scott 
local fauna, locality UM-K4-53, 200645 
(14/2); locality UM-K2-59, 208875 (3/2). 

Remarks. The first occurrence of 
this species in the Meade County area 
is in the Saw Rock Canyon local fauna, 
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Seward County (Taylor, 1960). 


Sphaerium sulcatum (Lamarck) 
Plate I, Figs. 1-2 


Geologie Range. Late Pliocene (Rex- 
road Formation, Bender local fauna) to 
Recent. 

Distribution. Northeastern North 
America from Quebec south to Virginia, 
west to South Dakota, Wyoming, Montana 
and Washington (?). It does not apparently 
occur south of those areas that were 
glaciated (Herrington, 1962). 

Ecology. S. sulcatum lives on the soft 
bottom of small lakes, creeks or rivers, 
that have areas of still water (Herring- 
ton & Taylor, 1958). It prefers soft 
sand, with vegetation, and is never found 
in swamps or ponds (Herrington, 1962). 

Material. Berends local fauna, 208829 
(62/2). Doby Springs local fauna locality 
1, 213736 (42/2); locality 4, 213826 
(116/2); locality 5, 213753 (1/2). Mount 
Scott local fauna, locality UM-K4-53, 
200646 (54/2); locality UM-K1-60, 
208882 (26/2); locality UM-K2-59, 
208885 (23/2). 


Sphaerium transversum (Say) 


Geologic Range. Early Pleistocene 
(Nebraskan) to Recent. 

Distribution. North America east of 
the Rocky Mountains, north tothe North- 
west Territories and south to Mexico. 
Europe (Herrington, 1962). 

Ecology. “Large lakes, rivers, and 
sloughs” (Herrington, 1962: 30). Hibbard 
& Taylor (1960: 77) state that: “In Meade 
County, Kansas, it occurs commonly in 
Crooked Creek, and lives in both sand 
and mud in slow current or quiet water. 
Empty shells were abundant in a dry 
metal stock tank, usually kept full by a 
windmill pump. Before the water had 
dried up the habitat was a soft mud 
bottom, with a thin cover of submerged 
vegetation.” 

Material. Berends local fauna, 208947 
(1/2). Mount Scott local fauna, locality 
UM-K2-59, 208892 (1/2). 

Remarks. This species has been re- 
ported from the Sand Draw and Dixon 


local faunas (Herrington & Taylor, 1958; 
Taylor, 1960), but the material from 
the Berends local fauna represents the 
oldest record from the Meade County 
area. 


Sphaerium sp. 


Included here are shells, which, be- 
cause of their fragmentary condition or 
immaturity, could not be identified to 
species. 

Material. Doby Springs local fauna, 
locality 2, 185789 (2/2); locality 4, 
213828 (1/2); locality 5, 213752 (2/2). 
Mount Scott local fauna, locality UM-K2- 
59, 208893 (5/2), 208894 (1/2); UM-K3- 
60, 214167 (2/2). 


Pisidium casertanum (Poli) 


Geologic Range. Early Pliocene (La- 
verne Formation, Laverne local fauna, 
Beaver County, Oklahoma) to Recent 
(Herrington & Taylor, 1958). 

Distribution. Almost cosmopolitan. 
In the Western Hemisphere from Pata- 
gonia to the Arctic Circle. It has been 
recorded from all of the states in the 
United States, with the exception of 
Hawaii, Kentucky and North Dakota (Her- 
rington, 1962). 

Ecology. This widespread species is 
capable of adapting itself to a diverse 
range of habitats and has a correspond- 
ingly variable shell. It has been found 
living in bog ponds, swamps that dry up 
for several months of the year, swamp- 
creeks, creeks with considerable cur- 
rent, rivers and lakes, including the 
Great Lakes (Herrington, 1962). “The 
form roperi Sterki, as well as some- 
what similar shells with thin walls and 
smooth outlines, comes from ponds, 
Swamps, bog ponds, and small lakes 
that are filling up with marl. The 
heavier-shelled, typical casertanum 
lives in rivers or fairly large creeks” 
(Herrington & Taylor, 1958: 14). 

Material. Berends local fauna, 208835 
(29/2). Doby Springs local fauna, locality 
1, 213738 (95/2); locality 4, 213829 
(87/2); locality 5, 213748 (200/2). Mount 
Scott local fauna, locality UM-K4-53, 
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200629 (600/2); locality UM-K1-60, 
208870 (200/2); locality UM-K2-59, 
208896 (60/2), 208876 (3/2), 208879 
(200/2), 208891 (33/2);locality UM-K3- 
60, 214183 (1/2). Recent in Harper 
County, Oklahoma. 

Remarks. The variability of this 
species has evidently been greatly under- 
estimated, for in a recently published 
revision of the North American Sphaeri- 
idae, 41 names are listed under the 
synonymy of Pisidium casertanum (Her - 
rington, 1962: 33). 


Pisidium compressum Prime 


Geologic Range. Middle Pleistocene 
(Kansan, Cudahy Fauna) to Recent. 

Distribution. North America, from 
Great Slave Lake, Northwest territories, 
south to Mexico (Herrington, 1962). 

Ecology. It is restricted to per- 
manent water situations, suchas creeks, 
rivers and lakes, with some current, and 
prefers a sandy bottom with some vegetal 
growth. It never occurs in ponds, 
Swamps, lagoons or bog-ponds (Hibbard 
€ Taylor, 1960; Herrington € Taylor, 
1958). 

Material. Berends local fauna, 208839 
(313/2). Doby Springs local fauna, 
locality 1, 213740 (160/2); locality 2, 
185788 (9/2); locality 4, 213830 (4960/2); 
locality 5, 213746 (620/2). Mount Scott 
local fauna, locality UM-K4-53, 200629 
(1095/2); locality UM-K1-60, 208869 
(500/2); locality UM-K2-59, 208886 
(5/2), 208890 (4/2); locality UM-K3-60, 
214194 (1/2). 


Pisidium nitidum Jenyns 


Geologic Range. Early Pliocene (La- 
verne Formation, Laverne local fauna) 
to Recent (Herrington & Taylor, 1958). 

Distribution. Holarctic; Eurasia and 
North Africa; in North America from 
Mexico to Northwest Territories, but 
absent from the southeast United States. 

Ecology. “Large ponds, bog ponds, 
lakes, creeks, and rivers. Seems to 
prefer shallow water” (Herrington, 1962: 
46).  Pisidium nitidum form pauper- 
culum Sterki lives in lakes, now filling 


with marl, rivers and large creeks, 
where it thrives in soft sand. Unlike 
the typical form, Р. п. pauperculum 
does not apparently inhabit ponds (Her- 
rington & Taylor, 1958). 

Material. P.n. form nitidum Jenyns: 
Berends local fauna, 208828 (64/2). Doby 
Springs local fauna, locality 1, 213737 
(74/2); locality 4, 213831b (6/2); local- 
ity 5, 213750b (700/2). Mount Scott local 


fauna, locality UM-K4-53, 200630b 
(91/2); locality UM-K1-60, 208868 (2 + 
200/2). 


Р. п. form pauperculum Sterki: Doby 
Springs local fauna, locality 4, 213831а 
(425/2); locality 5, 213750a (200/2). 
Mount Scott local fauna, locality UM-K4- 
53, 200630a (234/2); locality UM-K2-59, 
208881 (2/2), 208884 (1/2). 


Pisidium obtusale (Lamarck) 
Plate I, Figs. 4-5 


Geologic Range. Middle Pleistocene 
(Kansan, Cudahy fauna) to Recent. 

Distribution. Holarctic; in North 
America from New Jersey and New York 
west through Ohio, Illinois, Minnesota 
and the Dakotas, to the west coast; north- 
ward to Northwest Territories; asingile 
record from Mexico (Herrington, 1962). 

Ecology. The form rotundatum pre- 
fers shallow water and sheltered spots 
in lakes, creeks, ponds, lagoons and 
flood plains, where there are con- 
siderable accumulations of grassy vege- 
tation or fallen leaves from trees (Her- 
rington, 1962). 

Material. Berends local fauna, 208946 
(1/2). Doby Springs local fauna, locality 
1, 214160 (2/2); locality 4, 213835 
(21/2); locality 5, 213751 (3/2). Mount 
Scott local fauna, locality UM-K4-53, 
200631 (63/2); locality UM-K1-60, 
208874 (1/2); locality UM-K2-59, 208872 
(11/2), 208889 (450/2). Locality UM-K2- 
60, 214186 (1/2). 

Remarks. Only the ecologic form 
rotundatum Prime is represented in 
the fossil record. 


Pisidium subtruncatum Malm 
Plate I, Figs. 6-7 


Geologic Range. Late Pleistocene 
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(Illinoian) to Recent. 

Distribution. Eurasia; in North 
America it is found from the Great 
Slave Lake, Northwest Territories, south 
to the northern tier of states in the 
United States; New York, the Great 
Lakes, Colorado, Wyoming and Cali- 
fornia (Herrington, 1962). 

Ecology. “Streams, bays, and lakes, 
including the Great Lakes” (Herrington, 
1962: 49). Baker (1928b) reports it 
from mud, sand and gravel bottom, at 
depths ranging from 0.8-5.6 meters. 

Material. Mount Scott local fauna, 
locality UM-K4-53, 200632 (1/2). 

Remarks. Herrington & Taylor 
(1958) suggest that the northern distri- 
bution of this species may reflect its 
inability to survivethe warmer summers 
that prevail further to the south. 


Pisidium variabile Prime 
Plate I, Figs. 10-11 


Geologic Range. Late Pleistocene 
(Illinoian) to Recent. 

Distribution. Prince Edward Island 
west to British Columbia; New England 
states south to District of Columbia; 
Tennessee, Alabama, Ohio, Michigan, 
Indiana, Wisconsin, Illinois, South 
Dakota, Iowa, Montana, Washington, 
Idaho, California, Utah and Colorado 
(Herrington, 1962). 

Ecology. P. variabile has been taken 
from both lake and river situations. It 
lives on a variety of substrates (marl, 
clay, mud, silt, sand and gravel), at 
depths down to 12 meters (Baker, 1928b). 
“Creeks, rivers, and lakes; usually in 
still water where soft sediments accumu- 
late” (Herrington, 1962: 50). 

Material. Berends localfauna, 208838 
(4/2). Doby Springs local fauna, locality 
1, 213735 (200/2); locality 4, 208888 
(69/2); locality 5, 213747 (150/2). Mount 
Scott local fauna, locality UM-K4-53, 
200633 (9/2); locality UM-K1-60, 208871 
(79/2); locality UM-K2-59, 208883 (4/2), 
208887 (3/2). 

Remarks. These records represent 
the only known fossil occurrence of 
Pisidium variabile from the High Plains. 


Pisidium walkeri Sterki 
Plate I, Figs. 9, 14 
Geologic Range. Late Pleistocene 
(Illinoian) to Recent. 

Distribution. “Northern North Ameri- 
ca: Canada from Ontario to Alberta, 
northward to James Bay and Northwest 
Territories: in the United States, Maine 
to Virginia, and Michigan, Ohio, Mis- 
souri, Iowa, South Dakota, Minnesota, 
Montana and Arizona” (Herrington & 
Taylor, 1958:-17). 

Ecology. Pisidium walkeri lives “in 
rivers, creeks, and small lakes” (Her- 
rington & Taylor, 1958: 17). 

Material. Mount Scott local fauna, 
locality UM-K4-53, 200634 (1/2); 
locality UM-K1-60, 208873 (6/2). 

Remarks. The Mount Scott material 
represents the oldest confirmed fossil 
record of P. walkeri. 


Class Gastropoda 
Subclass Prosobranchia 
Order Mesogastropoda 
Superfamily Valvatoidea 

Family Valvatidae 


Valvata tricarinata (Say) 


Geologic Range. Early Pliocene (La- 
verne Formation, Laverne local fauna) 
to Recent (Hibbard & Taylor, 1960). 

Distribution. “Eastern United States 
west to Iowa. Great Slave Lake south 
to Virginia and the Ohio River” (Baker, 


1928a: 14). Cherry County, Nebraska 
(Taylor, 1960). 
Ecology. “Valvata tricarinata is a 


species of rivers, lakes, and permanent 
ponds, particularly where there is abun- 
dant vegetation. It is found on all 
varieties of bottoms and in all depths 
down to 18 ft. It is usually associated 
with the filamentous algae Oedogonium 
and Cladophora, and has been observed 
on Vaucheria upon which it was ap- 
parently feeding ... it prefers habitats 
where the bottom sediments are more or 
less firm and will enable the individuals 
to move freely about” (Reynolds, 1959: 
160). 
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The single Nebraska occurrence of 
this snail was from a spring-fed pond 
with a water temperature of 15° C, 
where it was found living in association 
with Ceratophyllum, Elodea and algae 
(Taylor, 1960). 

Material. Berends localfauna, 20882i 
(319). Doby Springs local fauna, locality 
1, 213705 (1900); locality 2, 185775 (26); 
locality 4, 208900 (8800); locality 5, 
213744 (1600). Mount Scott local fauna, 
locality UM-K4-53, 200652 (3600); local- 
ity UM-K1-60, 213788 (2600); locality 
UM-K2-59, 213700 (102). 

Remarks. The variations in number 
and arrangements of the carinae in V. 
tricarinata have long been recognized 
(Robertson, 1915; Baker, 1928a; La 
Roque, 1956), and given sub-specific 
designations. However none of these 
variations have been definitely related 
to any known fixed set of conditions, 
either geographic, stratigraphic or eco- 
logic, and probably do not deserve sub- 
specific rank. In this work they are all 
treated as V. tricarinata. 


Superfamily Rissoidea 
Family Hydrobiidae 


Probythinella lacustris (Baker) 


Geologic Range. Late Pleistocene 
(Illinoian) to Recent. 

Distribution. “North America between 
the Rocky Mountains and the Appalach- 
ians, from Great Slave Lake to Arkansas, 
Alabama, and New York. The species 
is known from the MacKenzie River, 
Hudson Bay, St. Lawrence River and 
Mississippi River drainages, but not 
from the shorter streams of the Atlantic 
or Gulf Coastal plains” (Hibbard & 
Taylor, 1960: 80). 

Branson (1959) records this species 
from Hughes and Payne counties, Okla- 
homa. Fossil occurrences of P. lacus- 
1715 in McPherson County, Kansas 
(UMMZ uncat.), the Butler Spring local 
fauna, Meade County, Kansas (Hibbard 
& Taylor, 1960), the Doby Springs local 
fauna, Harper County, Oklahoma, and 
Lake Thatcher beds, Caribou County, 
Idaho (Miller, 1963), indicate a much 


wider distribution for this species during 
the Late Pleistocene. 

Ecology. The geographic and bathy- 
metric range of this species indicates 
that it occurs almost exclusively in 
rivers and lakes at depths of about 5 
ft or more. It has been found living on 
vegetation, as well as a variety of sub- 
strates, including fine sand, coarse sand, 
gravel, marl and soft mud (Hibbard & 
Taylor, 1960). 

Material. Doby Springs local fauna, 
locality 4, 213789 (10,750), 185789 (3) 


Subclass Euthyneura 
Order Basommatophora 
Superfamily Ellobioidea 

Family Ellobiidae 


Carychium exiguum (Say) 


Geologic Range. Late Pliocene (Rex- 
road Formation, Rexroad local fauna, 


Meade County, Kansas) to Recent 
(Taylor, 1960). 
Distribution. “Newfoundland to Colo- 


rado, south to Mobile Bay, Alabama, and 
near Deming, southwestern New Mexico” 
(Pilsbry, 1948: 1052). 

Ecology. “С. exiguum lives in the 
crevices of rotten logs or ondead leaves 
in moist places, or sometimes itis found 
in very wet places, such as Pomatiopsis 
lapidaria frequents” (Pilsbry, 1948: 
1054). In northern Nebraska it was 
found living on wet leaves in seepage 
areas and along a spring-fed brook 
(Taylor, 1960). 

Material. Berends local fauna, 208837 
(188). Doby Springs local fauna, locality 
2, 195781 (1); locality 4, 208941 (160); 
locality 5, 213745 (570). Mount Scott 
local fauna, locality UM-K4-53, 200603 
(1500); locality UM-K2-59, 213659 (350). 


Superfamily Lymnaeoidea 
Family Lymnaeidae 


Lymnaea stagnalis jugularis Say 


Geologic Range. Late Pleistocene 
(Illinoian) to Recent. The oldest definite 
occurrence of this species is from the 
Illinoian Doby Springs local fauna, of 
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Harper County, Oklahoma. 

Distribution. “Found over most of 
northern North America north of about 
41 degrees; southward in the Western 
United States to northern California, 
Nevada, and southern Colorado; un- 
known in the northern Great Plains be- 
tween the Rocky Mountains and the 
eastern Dakotas and northwestern 
Nebraska” (Hibbard & Taylor, 1960: 85). 

Ecology. “The American form of 
stagnalis is usually found in more or less 
stagnant parts of ponds or lakes and 
rivers about vegetation. It may fre- 
quently be seen floating among pond 
weeds and algae, the foot applied to 
the surface film of the water, the shell 
hanging downward” (Baker, 1928a: 202). 

Material. Doby Springs local fauna, 
locality 1, 213742 (8); locality 4, 208902 
(21); locality 5, 213756 (2). 

Remarks. Allthe material from the 
Doby Springs local fauna consists of 
fragments of spires. These compare 
well with the more complete material 
from the Bar M. local fauna of Harper 
County, Oklahoma (Taylor & Hibbard, 
1955). 

Hibbard & Taylor (1960: 86) have 
suggested the possible presence of 
Lymnaea stagnalis jugularis in the 
Cudahy fauna of Lincoln County, Kansas. 
They surmised that the record of Acella 
haldemani from that fauna reported by 
Frye, Leonard & Hibbard (1943: 41) 
might have been based on a misidenti- 
fication of immature spires of L.s. 
jugularis. Neither of these species has 
been recorded from that locality in sub- 
sequent faunal lists for the Cudahy 
fauna (Leonard, 1950: Frye & Leonard, 
1952). Acella haldemani, however, has 
been recently collected by a University 
of Michigan Museum of Paleontology field 
party, along with other undescribed mol- 
lusks, from younger beds in nearby 
McPhearson County, Kansas, thus posing 
the question of whether the original 
record from Lincoln County was indeed 
based on Lymnaea stagnalis jugularis. 

Stagnicola caperata (Say) 
Middle 


Geologic Range. Pliocene 


(Ogallala Formation, Buis Ranch local 
fauna, Beaver County, Oklahoma, to 
Recent (Hibbard & Taylor, 1960). 

Distribution. “From Quebec and 
Massachusetts west to California; Yukon 
Territory and James Bay southto Mary- 
land, Indiana, Colorado, and California” 
(Baker, 1928a: 263). 

Ecology. “In the Mississippi Valley 
this species seems to almost invariably 
occupy intermittent streams or small 
pools, ponds and ditches which dry up 
in summer. In Illinois it is usually 
found in association with Aplexa hyp- 
norum and Sphaerıum occidentale, either 
in small streams, pools or sloughs, or 
in spring pools in the woods which be- 
come completely dry in the late spring 
and summer. The species hibernates 
to a greater degree than any of the 
other Lymnaeas, a fact attested to be 
the many rest varices observed on the 
Shell of large individuals. In these 
dry ponds living specimens may fre- 
quently be found by digging into the mud, 
leaves and other debris. In Wisconsin, 
caperata has been found almost invari- 
ably in small woodland pools which be- 
come dry in summer and fall, or in 
small streams which become wholly or 
partially dry” (Baker, 1928a: 263). Hib- 
bard & Taylor (1960) have found S. 
caperata in association with Stagnicola 
palustris,  Promenetus umbilicatellus 
and Aplexa hypnorum in temporary 
bodies of water in northern Nebraska. 

Material. Berends local fauna, 208830 
(25). Doby Springs local fauna, locality 
1, 213721 (16); locality 4, 208901 (350); 
locality 5, 213755 (27). Mount Scott local 
fauna, locality UM-K4-53, 200647 (1200); 
locality UM-K1-60, 213790 (6); locality 
UM-K2-59, 213703 (4000). Locality 
UM-K2-60, 214197 (1). 


Stagnicola exilis (Lea) 


Geologic Range. Late Pliocene (Rex- 
road Formation) to Recent. The oldest 
reported occurrence of S. exzlis in the 
Meade County area is from the Rexroad 
local fauna (Hibbard € Taylor, 1960). 

Distribution. “Ohio to Kansas, north- 
ward to northern Minnesota and north- 
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ern Michigan” (Baker, 1928a: 227). 

Ecology. “Exilis is an inhabitant of 
sloughs, ponds and streams which dry 
up more or less during a portion of the 
year” (Baker, 1928a: 227). 

Material. Berends localfauna, 208814 
(21). Mount Scott local fauna, locality 
UM-K2-59, 213696 (8). 


Stagnicola reflexa (Say) 


Geologic Range. Late Pliocene (Rex- 
road Formation, Bender local Fauna) to 
Recent (Miller, 1964). 

Distribution. Eastern Quebec from 
approximately 65° longitude, west to 
Nebraska to about 100° longitude, north 
to Manitoba to near 50° latitude, south 
to southern Illinois and southern Kansas, 
37° latitude (Baker, 1911; 1928a). 

Ecology. S. reflexa isfoundin creeks, 
ponds, lakes and rivers, in sheltered 
localities, attached to floating debris, 
submerged vegetation, stones, etc. Many 
of these habitats become dry in the 
summer. In northern Illinois and Wis- 
consin it has been collected from small 
pools or ponds and in swales located in 
woods or open field; none have been 
found in large streams or lakes (Baker, 
1911; 1928a). 

Material. Berends local fauna, 208830 
(25). Doby Springs local fauna, locality 
1, 213743 (1); locality 4, 208942 (133); 
locality 5, 213754 (2). Mount Scott local 
fauna, locality UM-K4-53, 200648 (12); 
locality UM-K1-60, 213791 (8); locality 
UM-K2-59, 213661 (700). 


Fossaria dalli (Baker) 


Geologic Range. Early Pliocene (La- 
verne Formation) to Recent. The oldest 
Cenozoic record of this species in the 
Meade County area is from the Laverne 
local fauna (Hibbard & Taylor, 1960). 

Distribution. “Ohioto northern Michi- 
gan and Montana, south to Kansas and 
Arizona” (Baker, 1928a: 288). Ithasbeen 
collected in Meade County, Kansas at 
the State Park (Leonard, 1943). 

Ecology. This species is semi-aquatic 
in its habits and is only rarely found 
submerged in water. Itlivesinmarginal 


situations, near water, onthe mud, moist 
leaves and other debris. In Meade 
County, Leonard (1943) reports it to 
prefer living on wet ground among sedge 
and grass. I have collected it from 
leaf litter in a Seepage area near the 
Doby Springs local fauna locality in 
Harper County, Oklahoma, where it was 
associated with Succinea, Vertigo mil- 
zum, Gastrocopta tappaniana and Fos- 
saria obrussa. 

Material. Berends local fauna, 208832 
(60). Doby Springs local fauna, locality 
1, 213712 (13%); locality. 2, 185779 (4); 
locality 4, 208903 (286); locality 5, 
213785 (27). Mount Scott local fauna, 
locality UM-K4-53, 200608 (159); local- 
ity UM-K1-60, 213792 (8); locality 
UM-K2-59, 213660 (110). Recent, Harper 
County, Oklahoma. 


Fossaria obrussa (Say) 


Geologic Range. Late Pliocene (Rex- 
road Formation) to Recent. The earliest 
tertiary record of this Species in the 
Meade County area is from the Bender 
local fauna (Miller, 1964). 

Distribution. “From the Atlantic to 
the Pacific Oceans, and from the Mac- 
Kenzie Territory, Canada, south to Ari- 


zona and northern Mexico” (Baker, 
1928a: 296). 
Ecology. “The normal habitat of this 


species is in small bodies of water, as 
creeks, ponds, sloughs, bays, and marshy 
spots along river banks. Itis at home 
on sticks, stones, and any other debris 
that may be in the water or along its 
edge” (Baker, 1928a: 296). 

Material. Berends local fauna, 208807 
(39). Doby Springs local fauna, locality 
4, 208904 (50). Mount Scott local fauna, 
locality UM-K4-53, 200609 (90); locality 
UM-K1-60, 213793 (11); locality UM-K2- 
59, 213662 (2). Recent, Harper County, 
Oklahoma. 


Superfamily Ancyloidea 
Family Planorbidae 
Armiger crista (Linnaeus) 


Geologie Range. Late Pleistocene to 
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FIGS. 1-3. 


FIG. 4. 


FIGS. 5-7. 


FIGS. 8-10. 
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PLATE II 
Zonitoides nitidus (Müller), Mount Scott locality UM-K4-53. Apertural, basal and 
apical views. X8, UMMZ 213789a. 


Laevapex fuscus (Adams), Doby Springs locality 4. Apical view. X8, UMMZ 
208916a. 


Gyraulus deflectus (Say), Doby Springs locality 1. Apertural, basal and apical 
views. X8, UMMZ 213706a. 


Strobilops labyrinthica (Say), Mount Scott locality UM-K4-53. Apertural, apical 
and basal views. X8, UMMZ 200640a. 
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Recent. In the southwest Kansas-north- 
west Oklahoma area, the oldest record 
is from the Berends local fauna, of 
Beaver County, Oklahoma. 

Distribution. “Holarctic; in North 
America, north of about 41 degrees, but 
south of this latitude on the Pacific 
Coast to San Mateo County, California, 
and southward in central Utah” (Hibbard 
& Taylor, 1960: 101). 

Ecology. Armiger crista is a species 
of ponds and marshes (Hibbard & Taylor, 
1960). Goodrich (1932: 65) states that 
this snail “lives upon water-logged 
sticks and rotting leaves in stagnant 
water.” In temporary ponds in southern 
Michigan, U. S. A., A. crista is believed 
to hibernate after burrowing into the mud 
(Kenk, 1949). Beetle (1965) collecting 
from pondsin Grand Teton National Park, 
Wyoming, U. S. A., found this species 
to be restricted to one pond. This pond, 
which was subjected to periodic drying, 
was the only one that posessed a bottom 
composed of colloidal muck, inter- 
spersed with a mat of decaying vege- 
tation. The surface of the pond was 
completely covered with amarshtrefoil. 

Material. Berends local fauna, 208811 
(19). Doby Springs local fauna, locality 
1, 213709 (2); locality 4, 208905 (32); 
locality 5, 213763 (146). Mount Scott 
local fauna, locality UM-K4-53, 200602 
(19); locality UM-K1-60, 213794 (1), 
locality UM-K2-59, 208663 (77). 


Gyraulus circumstriatus (Tryon) 


Geologic Range. Middle Pleistocene 
(Kansan, Cudahy Fauna) to Recent. 


Distribution. “North America approxi- 
mately between 40° and 50° N. latitude: 
south in Rocky Mountains to central New 
Mexico” (Taylor, 1954: 3). “In the 
Great Plains it ranges south to northern 
Nebraska” (Taylor & Hibbard, 1955: 14). 

Ecology. “Gyrulus circumstriatus is 
characteristic of small, seasonal water 
bodies, such as wood pools, marshes, 
ponds on flood plains or prairie ponds. 
In northern Nebraska it was found in 
seepages beside streams, and in 
temporary Sand Hills ponds” (Taylor, 


1960: 57). 

Material. Berends local fauna, 208818 
(99). Doby Springs local fauna, locality 
1, 213708 (75); locality 2, 185788 (2); 
locality 4, 208907 (114); locality 5, 
213759 (35). Mount Scott local fauna, 
locality UM-K4-53, 200616 (900), 
200617a (3800); locality UM-K1-60, 
213795 (200); locality UM-K2-59, 213664 
(7300). 


Gyraulus deflectus (Say) 
Plate III, Figs. 5-7 


Planorbis deflectus Say, 1824: 261, Pl. 
SVG Eis. 9 

Planorbis hirsutus Gould, 1840: 196 
Planorbis obliquus DeKay, 1843:62, Pl. 
IV, Fig. 57a,b 

Gyraulus deflectus (Say), F. C. Baker, 
1928a: 370, Pl. XXIII, Figs. 15-18, 20- 
21 

Gyraulus deflectus obliquus (DeKay), F. 
С. Baker, 1928а: 372, Pl. XXII, Figs. 
22-26 

Gyraulus hirsutus (Gould), F. C. Baker, 
1928a, Pl. XXIII, Figs. 8-14 

Gyraulus deflectus (Say), Taylor, 1960: 
57 


Geologic Range. Middle Pleistocene 
(Kansan) to Recent. The earliest known 
occurrence in the Meade County area is 
from the Cudahy fauna (UMMZ 177244). 

Distribution. Maritime Provinces in 
Canada, south to Potomac River, Vir- 
ginia; northwest to Montana, Idaho, 
British Columbia, Northwest Terri- 
tories and Alaska. 

The distribution map (Fig. 5) is based 
on published records and materials ex- 
amined in the U. S. National Museum 
(USNM) and University of Michigan 
Museum of Zoology (UMMZ) collections. 
The following is a list of localities 
along the southern periphery of its dis- 
tribution: 

Virginia: Roaches Run (UMMZ 87959); 
Belvoir, Ft. Humphrey’s, drift of Poto- 
mac River (USNM 466527); Fairfax 
County, Potomac River at Mt. Vernon 
(USNM 572015); Potomac River at 
Alexandria (UMMZ 156782). 


District of Columbia: Anacostia, 
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FIG. 5. Distribution of Gyraulus deflectus. 
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Poplar Point (USNM uncat.). 

Ohio: Hamilton County, Cincinnati 
(USNM 121165); Franklin County, 
Columbus (USNM 30228a). 

Illinois: Mason County, Quiver Creek; 
Quiver and Dogfish Lakes (Baker, 1906). 
Champaign County, Crystal Lake, Ur- 
bana (Zetek, 1918). 

Iowa: Muscatine County, Muscatine 
(USNM 476433); Linn County, Cedar 
Rapids (USNM 476528); Cerro Gordo 
County, Mason City (USNM 506111); 
Dickenson County, Robinson Lake (USNM 


476519); Palo Alto County, Ruthven 
(UMMZ 66256). 
Nebraska: Cherry County, Fort Nio- 


brara National Wildlife Refuge, 5 miles 
east of Valentine. Pond and seepage 
area at old fort reservoir (Taylor, 1960). 

Montana: Flathead County, sec 1, Т 28 
N, R 21 W, 8 miles east of Kalispell 
(UMMZ 181060). 

Idaho: Coeur d’Alene County, Coeur 
d’Alene (USNM 474743). 

British Columbia: Kamloops (USNM 
382125). 

Ecology. “In northern Nebraska this 
species was found in a spring-fed pond 
with a temperature of 159 C. Thesnails 
were crawling on aquatic plants, largely 
Ceratophyllum, Elodea, and algae, near 
the edge of the pond” (Taylor, 1960: 
57) 

Material. Doby Springs local fauna, 
locality, 1, (213105 (200); ;" locality 2, 
185787 (12); locality 4, 208908 (140). 

Remarks. Examination of material in 
the collections of University of Michigan 
Museum of Zoology andthe U.S. National 
Museum indicates that the name com- 
binations Gyraulus obliquus, G. deflectus 
obliquus and G. hirsutus, are all junior 
synonyms of Gyraulus deflectus. 

The differentia used by DeKay (1843: 
62) to distinguish G. obliquus from G. 
deflectus are the obliquity of the 
aperture and the absence of the medial 
peripheral angulation. Neither of these 
characters are considered valid. There 
are many lots with individuals in which 
both of these characteristics attain 
different degrees of development, and 


include intermediates which grade into 
the G. deflectus form. Baker (1928a: 372) 
has tried to preserve the G. deflectus 
obliquus, even though he admitted that it 
was not always possible to separate it 
from G. hirsutus. 

Gyraulus hirsutus has been separated 
from G. deflectus by its (1) rounded, sub- 
angular periphery (2) deeper umbilicus, 
and (3) more hirsute condition. None 
of these characters are consistent, with 
the hirsutus, deflectus and intermediate 
forms frequently occurring in the same 
lot. 

The material in the National Museum 
and University of Michigan Museum of 
Zoology collections, deposited under the 
name Gyraulus borealis Westerlund, 
falls within the range of variation of 
G. deflectus as understood here, andhas 
been included in the distribution map. 

Some authors (Binney, 1865; Dall, 
1905; Baker, 1928a) have suggested that 
Gyraulus deflectus might be a synonym 
of the European G. albus (Miiller). Com- 
parison of G. deflectus with 8 lots of 
G. albus from Europe, in the University 
of Michigan Museum of Zoology, in- 
dicates that they differ in the type of 
sculpture. G. albus has more regularly 
spaced, raised, spiral and axial orna- 
mentation. The spiral sculpture is 
better developed and appears as fine 
lirae resting on the more subdued axial 
sculpture. In G. deflectus the sprial 
sculpture, when present, is produced by 
the alignment of impressed pits, which 
accommodate the hair-like projections 
in the fresh shell. These pits are lower 
than the axial growth lines. 

The differences in sculpture appear 
distinct enough to at least justify their 
specific separation, but sufficient 
European material has not been examined 
to determine the consistency of this 
character. 


Gyraulus parvus (Say) 


Geologic Range. Late Pliocene (Rex- 
road Formation) to Recent. The first 
occurrence of this species in the Meade 
County area is in the Saw Rock Canyon 
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local fauna, Seward County, Kansas (Hib- 
bard & Taylor, 1960). 

Distribution. “Eastern North America 
east to the Rocky Mountains from Florida 
northward to Alaska and northern British 
Columbia” (Baker, 1928a: 377). 

Ecology. “Usually in quiet bodies of 
water; often of small size .... This 
species is more often found in vegetation 
than in any other situation” (Baker, 
1928a: 376-377). In Meade County, Kan- 
sas, and Harper County, Oklahoma, this 
species was collected from rooted 
vegetation growing in premanent water 
situations. 

Material. Berends localfauna, 208801 
(45). Doby Springs local fauna, locality 
1, 213707 (700); locality 2, 185782 (50); 
locality 4, 208906 (1700); locality 5, 
213760 (1900). Mount Scott local fauna, 
locality UM-K4-53, 200618 (1340), 
200617b (5660); locality UM-K1-60, 
213797 (1650); locality UM-K2-59, 
213665 (226). Recent, Harper County, 
Oklahoma. 


Helisoma anceps (Menke) 


Geologie Range. Late Pliocene (Rex- 
road Formation, Saw Rock canyon local 
fauna) to Recent (Taylor, 1960). 

Distribution. “Oregon to Maine, south- 
westward to western Mexico and Ala- 
bama” (Hibbard & Taylor, 1960: 103). 

Ecology. “... primarily a river and 
creek species, not living in large lakes” 
(Baker, 1928a: 319). 

Material. Berends local fauna, 208805 
(17). Doby Springs local fauna, locality 
1, 213714 (32); locality 2, 185785 (3); 
locality 4, 208909 (126); locality 5, 
213758 (600). Mount Scott local fauna, 
locality UM-K4-53, 200621 (161); 
locality UM-K1-60, 213798 (175). 


Helisoma trivolvis (Say) 


Geologic Range. Early Pleistocene 
(Nebraskan-Aftonian, Dixon local fauna) 
to Recent (Taylor, 1960). 

Distribution. “Atlantic Coast and 
Mississippi River drainages, northward 
to Arctic British America and Alaska 
and southward to Tennessee and Mis- 


souri. The southern distribution is not 
clear owing to mixing with related 
species” (Baker, 1928a: 332). 

Ecology. This species is primarily 
an inhabitant of quiet, stagnating water. 
In the Meade County area, it has been 
found living in temporary ponds and 
more permanent bodies of water (Leon- 
ard, 1943). 

Material. Berends local fauna, 208836 
(43). Doby Springs local fauna, locality 
4, 208910 (12); locality 5, 213757 (2). 
Mount Scott local fauna, locality UM-K4- 
53, 200622 (10); locality UM-K2-59, 
213701 (49). Recent, Harper County, 
Oklahoma. 


Planorbula armigera (Say) 


Geologic Range. Middle Pleistocene 
(Kansan, Cudahy fauna) to Recent. 

Distribution. “New England west to 
Nebraska, south to Georgia and Louisi- 
ana, north to Great Slave Lake” (Baker, 
1928a: 359). 

Ecology. “Planorbula armigera is 
largely a species of swales or of small 
stagnant bodies of water” (Baker, 1928a: 
358). 

Material. Berends local fauna, 208823 
(700). 


Promenetus exacuous-kansasensis 
Complex 
Promenetus exacuous form exacuous 
(Say) 


Geologic Range. 
(Illinoian) to Recent. 

Distribution. “North America north 
to about 399; south in the Colorado 
Plateau and Rocky Mountains to New 
Mexico; south along the Atlantic Coast- 
al Plain to North Carolina; an isolated 
occurrence in cool springs, Meade 





Late Pleistocene 








County, Kansas” (Hibbard & Taylor, 
1960: 107). 
Ecology. “Promenetus exacuous is 


found in shallow, perennial or subperma- 
nent, quiet-water bodies, such as ponds, 
oxbow lakes, marshes, and sloughs or 
back waters along streams. Itis usually 
on the submerged vegetation in such 
habitats” (Hibbard & Taylor, 1960: 108). 
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Material. Mount Scott local fauna, 
locality UM-K4-53, 200635 (500); local- 
ity UM-K1-60, 213799 (200); locality 
UM-K2-59, 213667 (190). 

Remarks. Hibbard & Taylor (1960: 
106) recognize 2 distinct species of 
Promenetus from the late Cenozoic of 
the southern Great Plains, P. kansas- 
ensis, which occurs in faunas from Plio- 
cene to late Pleistocene, and P. exacuous, 
that has a geologic range of late San- 
gamon to Recent. They state that “Plio- 
cene to late Pleistocene series of P. 
kansasensis differ consistantly from P. 
exacuous in that all or most shells have 
a sculpture of riblets instead of growth- 
lines.” Evolutionary replacement of 
P. kansasensis by P. exacuous some- 
time in the Sangamon between the time 
the Cragin Quarry and Jinglebob local 
faunas lived, is suggested by these 
authors. The shells from the Mount 
Scott local fauna do not contain the 
characteristic riblet sculpture of P. 
kansasensis, and must be considered P. 
exacuous. The occurrence of P. exac- 
uous in the Illinoian, makes untenable 
the suggested placement of the nomen- 
clateral change from P. kansasensis to 
P. exacuous, sometime in the Sangamon. 

Examination of the P. kansasensis-P. 
exacuous complex from 11 faunas occur - 
ring in beds that range inage from Upper 
Pliocene (Saw Rock Canyon local fauna) 
through Wisconsin (Jones local Fauna), 
confirms Hibbard & Taylor’s obser- 
vation that there are no consistent differ - 
ences in size, compression of whorls, or 
strenth of carina through time. However, 
the strength of the axial sculpture, its 
persistence to the adult stage, and the 
proportion of riblet to non-riblet-bearing 
individuals in a given population also 
appear to be inconsistent. 

There is a higher proportion of non- 
riblet to riblet-bearing individuals in 
the Pliocene Saw Rock Canyon local 
fauna than in the younger Bender local 
fauna population from locality UM-Ki- 
59. The Promenetus examined from the 
sequence of Pleistocene faunas from 
Nebraskan-Aftonian (Dixon and Sand 


Draw local faunas) through the late 
Illinoian (Mount Scott local faunas), seem 
to indicate a trend toward a decrease 
in the proportion of riblet-bearing to 
non-riblet-bearing individuals. This 
trend appears to be reversed in the 
younger Cragin Quarry local fauna, in 
which most of the shells possess well 
developed riblet sculpture. The younger 
Jinglebob and Jones local faunas con- 
tain shells that are predominantly with- 
out riblets. In most of the Recent lots 
examined the sculpture consists almost 
entirely of growth lines, with only an 
occasional individual possessing riblets 
in the later whorls. However, at least 
9 lots of Recent shells examined in the 
University of Michigan Museum of 
Zoology collections (UMMZ 47019; 
36844; 179041; 179040; 179038) con- 
tain individuals in which all or most 
possess well developed axial riblets in 
the adults. 

The distribution of riblet and non-rib- 
let-bearing shells through time seems 
susceptible of several possible inter- 
pretations: 

(1) The 2 types of sculpture may 
represent distinct sympatric species 
which have existed together since at 
least the Pliocene Saw Rock Canyon 
fauna. The fluctuating proportions of 
riblet to non-riblet-bearing individuals 
in the different faunas may be due to 
sampling error and/or selective en- 
vironmental pressures. 

(2) There may be 2 species involved, 
with P. kansasensis evolving into P. 
exacuous sometime in the late Illinoian, 
between the time represented by the 
Butler Spring and Mount Scott faunas. 
The coarse riblet shells in the Cragin 
Quarry local fauna might be a pheno- 
typic response to the effects of in- 
creasing aridity, a condition suggested 
by some of the other faunal elements 
(Hibbard & Taylor, 1960). 

(3) The 2 types of sculpture may 
represent the extremes of variation with- 
in one very variable species, with the 
changes in the proportions of riblet to 
non-riblet-bearing individuals afunction 
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of selection pressures by different en- 
vironmental conditions. 

The first of these explanations is 
rejected on the groundsthatthere appear 
to be no conchologic characteristicsthat 
can be used to separate individuals of 
these 2 species if they occur together 
in the same fauna. Hibbard & Taylor 
(1960: 106) in a discussion of the vari- 
ability of P. kansasensis state that 
“Axial riblets, the most conspicuous ele- 
ment of sculpture, vary from strong 
and widely spaced ... through weaker and 
closely spaced ... to a point at which the 
sculpture may be said to consist of 
growth lines rather than riblets ....” 
At this point the sculpture is indis- 
tinguishable from P. exacuous. 

The proportion of riblet to non-riblet- 
bearing individuals in a population can- 
not be used to separate these 2 forms 
since they show no consistent tendency 
with respect to these ratios through 
time. Thus, while the Mount Scott 
population is composed primarily of the 
non-riblet-bearing form, the younger 
Cragin Quarry local fauna, which is 
located approximately 50 ft higher up 
the slope of the same hill, contains 
shells in which individuals with riblets 
predominate. In the still younger Jingle- 
bob and Jones local faunas the non- 
riblet-bearing form is dominant. 

There is the possibility that the shells 
possessing strong riblet sculpture in the 
Cragin Quarry local fauna might be the 
result of increased aridity, with a con- 
comitant rise in the concentrations of 
alkaline salts. This explanation receives 
some support from the xeric character 
of the lizard fauna and the 2 mammals, 
Notiosorex crawfordi and Dasypterus 
golliheri (Hibbard & Taylor, 1960). How- 
ever, the absence of riblets in the 
associated aquatic mollusks would seem 
to argue against this interpretation. 

At the present time there appears to 
be no satisfactory way of separating the 
predominantly riblet and non-riblet- 
bearing populations. More faunas must 
be studied before it can be determined 
whether the observed variations in the 


populations of P. kansasensis-P. exacu- 
ous complex are the result of environ- 
mental or genetic differences. It seems 
best at this stage to recognize the 2 
types of populations, i.e., those com- 
posed predominantly of shells bearing 
riblets, and those in which the non- 
riblet-bearing shells areinthe majority, 
with the names Promenetus exacuous 
form kansasensis and P. exacuous form 
exacuous, respectively. 


Promenetus exacuous 
form kansasensis (Baker) 


Geologie Range. Late Pliocene (Rex- 
road Formation) to Late Pleistocene 
(Kingsdown Formation). The oldest 
record of this form in the Meade County 
area is from the Saw Rock Canyon local 
fauna (Hibbard & Taylor, 1960). 

Distribution. Pliocene in southern 
Idaho, northern Texas and southwest- 
ern Kansas; early Pleistocene in the 
Great Plains, from Iowa to Texas; late 
Pleistocene southwestern Kansas, north- 
western Oklahoma (Hibbard & Taylor, 
1960). 

Ecology. P.e. form kansasensis is 
assumed to have had habitat require- 
ments similar tothose oftheform exacu- 
ous. 

Material. Berends local fauna, 208808 
(469). Doby Springs local fauna, locality 
1, 213715 (257); locality 4, 208911 (850); 
locality 5, 213761 (350). 


Promenetus umbilicatellus (Cockerell) 





Geologic Range. Late Pliocene (Rex- 
road Formation, Saw Rock Canyon 
local fauna) to Recent (Hibbard € Taylor, 
1960). 

Distribution. North America north of 
about the 41st parallel from western 
New York, northwest to Alaska, south 
to Washington and Oregon; in Rocky 
Mountains south to Colorado; sporadic 
in eastern Kansas and Oklahoma (Hibbard 
& Taylor, 1960). 

Ecology. This species is an inhabit- 
ant of temporary bodies of water, where 
it frequently is found associated with 
Stagnicola caperata, S. palustris and 
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Aplexa hypnorum (Hibbard & Taylor, 
1960). 

Material. Doby Springs local fauna, 
locality 1, 213715 (1); locality 2, 185791 
(1); locality 5, 213762 (3). Mount Scott 
local fauna, locality UM-K2-59, 213666 
(5200). Locality UM-K2-60, 214187 (2). 


Family Ancylidae 


Ferrissia fragilis (Tryon) 


Ferrissia meekiana (Stimpson), Hibbard 
& Taylor, 1960: 113; Miller, 1961: 108 
Ferrissia fragilis (Tryon), Basch, 1963: 
435 


Geologic Range. Late Pliocene (Rex- 
road Formation) to Recent. In the 
southern Plains it is first known from 
the Bender local fauna, locality UM-K1- 
59, UMMZ 208848. 

Distribution. “Ferrissia fragilis 
appears to be among the most widely 
distributed of North America freshwater 
snails” (Basch, 1963: 436). It probably 
occurs in suitable habitats throughout 
the United States. It has been recorded 
from Alabama, North Carolina, Mis- 
souri, Virginia, District of Columbia, 
Texas, California, Oregon, Washington, 
Nebraska, Kansas, Oklahoma and from 
Iowa eastward to Massachusetts (Hib- 
bard & Taylor, 1960; Basch, 1963; 
Branson & Peters, 1964). 

Ecology. “These snails often may be 
found on the bottom inch of stems of 
Typha and other rooted flowering plants 
growing in ditches and swamps .... The 
water in which they live is often dark 
and foul-smelling, and the habitats 
usually have a mud bottom. One often 
finds leeches, sphaeriid clams, and small 
planorbid snails such as Gyraulus and 
Menetus associated with these lim- 
pets .... Septate forms are known from 
2 principal types of habitat, temporary 
woods pools such as those found in the 
northern states, and roadside ditches 
from which water presumably disappears 
for part of the year” (Basch, 1963: 436- 
437). 

Material. Doby Springs local fauna, 
locality 4, 208915 (6); locality 5, 213784 
(2). Mount Scott local fauna, locality 


UM-K4-53, 200607 (4); locality UM-K1- 
60, 213803 (7); locality UM-K2-59, 
213698 (7). 

Remarks. Basch (1963) in a recent 
review of the North American fresh- 
water limpets found that the significant 
characteristics of Ferrissia meekiana 
overlap those of F. fragilis in such a 
manner as to make equivocal their 
specific distinction, and placed Е. meek- 
iana in the synonymy of Е. fragilis. Many 
of the collections of F. fragilis examined 
by Basch contained both septate and non- 
septate individuals. Specimens with 
septa, however, were found to be indis- 
tinguishable from those in which there 
was no septum formation, and he con- 
concluded “that there is no reasonable 
basis for placing the North American 
septate forms in a separate genus (Gund- 
lachia)” (Basch, 1963: 438). 

In this report the writer follows the 
specific dispositions of the freshwater 
limpets proposed by Basch. 


Laevapex fuscus (Adams) 
Plate III, Fig. 4 


Laevapex kirklandi (Walker), Hibbard & 
Taylor, 1960: 114 

Laevapex fuscus (C. B. Adams), Basch, 
1963: 419-420, Fig. 7 


Geologic Range. Late Pleistocene 
(Illinoian) to Recent. The earliest record 
is from the Doby Springs local fauna, 
in the Meade County area. 

Distribution. “United States and Can- 
ada, generally east of the Great Plains. 
Great Lakes area, Florida and south- 
eastern states. Generally absent from 
mountainous areas” (Basch, 1963: 420). 

Ecology. “Commonly inimpoundments 
or cut-off stagnant backwaters of rivers. 
The species is also found in lakes and 
occasionally in slow-flowing rivers on 
dense vegetation near the shores... L. 
fuscus is often found on the under sides 
of lily pads, on cat-tails, sedges, and 


other emergent rooted vegetation.” 
(Basch, 1963: 420). 
Material. Doby Springs local fauna, 


locality 4, 208916 (27), 213825 (8). Mount 
Scott local fauna, locality UM-K4-53, 
200623 (17); locality UM-K1-60, 213804 
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(75), 213805 (68); locality UM-K2-59, 
213703 (6); locality UM-K3-60, 214174 
(5). Recent, Harper County, Oklahoma. 

Remarks. Basch (1963) found suf- 
ficient overlap in the characters of L. 
fuscus and L. kirklandi which led him 
to believe that they are conspecific. The 
classification proposed by Basch is fol- 
lowed herein, and L. kirklandi is placed 
in the synonymy of L. fuscus. 


Family Physidae 
Physa anatina Lea 


Geologic Range. Late Pliocene (Rex- 
road Formation, Saw Rock Canyon local 
fauna) to Recent (Hibbard & Taylor, 
1960). 

Distribution. Some of the problems 
which have resulted inthe confused taxo- 
nomic state of the genus Physa have 
recently been summarized by Branson 
(1961). Until such time as the entire 
family is revised, the geographic dis- 
tribution, ecology, life history and fossil 
record of members of this group will 
remain unclear. 

Ecology. “Physa апайпа is an in- 
habitant of quiet and stagnant water; it 
thrives in small ponds, or even in metal 
stock tanks” (Leonard, 1950: 21). In 
Meade County, Kansas, and Harper 
County, Oklahoma, this snail has been 
collected in small spring fed streams. 

Material. Berends local fauna, 208816 
(58). Doby Springs local fauna, locality 
1, 213723 (20); locality 4, 208912 (300). 
Mount Scott local fauna, locality UM-K4- 
53, 200625 (320); locality UM-K1-60, 
213800 (125); locality UM-K2-59, 213670 
(170). 


Physa gyrina Say, form hildrethiana Lea 


Geologic Range. Middle Pleistocene 
(Kansan, Cudahy fauna) to Recent. 

Distribution. Probably found through- 
out most of North America north of 
Mexico. Baker (1928a: 454) states 
“hildrethiana is common east of the 
Mississippi River from western New 
York and Pennsylvania to Illinois and 
south to Alabama. Occurs also in Iowa 
and possibly in other states west of the 
Mississippi River.” It has been found 


living in a stock tank on the Big Springs 
Ranch, Meade County, Kansas. 

Ecology. “Hildrethiana is character- 
istic of swales and summer-dry ponds, 
where it is deprived of moisture for a 
large part of the year. The variety in 
such localities rarely reaches maturity, 
the form being small, short, shell with 
dome-shaped spire, greatly resembling 
oleacea and elliptica. These small forms 
usually show no rest marks, living only 
as long as the water remains inthe pool. 
Mature shells may often be found by 
digging in the mud or in the cracks in 
the pool where the mollusk has descended 
for moisture. Large specimens may 
have aS many as four rest marks on 
the shell. In some sloughs the water 
may become very low in summer but does 
not completely disappear. In such 
localities hildrethiana attains its finest 
development ....” (Baker, 1928a: 454). 

Material. Berends local fauna, 208817 
(97). Doby Springs local fauna, locality 
4, 208913 (300). Mount Scott local fauna, 
locality UM-K4-53, 200626 (270); 
locality UM-K1-60, 213801 (45); locality 
UM-K2-59, 213669 (135). 

Remarks. Branson (1961) reports that 
Physa gyrina occurs ша! the counties of 
Oklahoma. The Big Springs Ranch re- 
cord is the first reported occurrence of 
this species from Meade County, Kansas. 


Physa skinneri Taylor 


Physa elliptica minor Crandall, 1901, 
Nautilus, 15: 55 non Physa fontinalis mi- 
nov Moquin-Tandon, 1855: 451, 452) 

Physa skinneri Taylor, 1954. Taylor & 
Hibbard, 1955; Hibbard & Taylor 1960; 
Taylor, 1960; Miller, 1961 


Geologie Range. Lower Pleistocene 
(Nebraskan) to Recent. Earliest record 
from the southern Great Plains is from 
the Nebraskan Dixon local fauna (UMMZ 
182208, 191518) (Hibbard & Taylor, 
1960). 

Distribution. From Alaska southward 
to northern Utah; eastward through 
South Dakota, Iowa, Michigan to south- 
eastern Ontario. The following is a list 
of additional Recent localities, which 
supplements the one published in Hib- 
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Distribution of Physa skinneri. 
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bard & Taylor (1960: 119-120). The 
distribution map (Fig. 6) is based on all 
known Recent occurrences of this 
Species. 

British Columbia: Stoney Creek, near 
Vanderhoof (USNM 601340). 

Alberta: Beaver Hills Lake, Tofield 
(USNM 471229). Taber (UMMZ 214557, 
214558). Hays (UMMZ 214554, 214555). 
Rolling Hills (UMMZ 214556). Shore, 
Hastings Lake, 30 miles east of Ed- 
monton (UMMZ 214159). 

Manitoba: Pothole 9, near Minnedosa 
(UMMZ uncat.). Pike Lake, The Pass 
(UMMZ 214154). 

Ontario: Cochrane District; Smoky 
Falls, Kapuskasing (UMMZ 214157). 
Hastings Co.; Bay of Quinte, 3 miles 
east of Belleville (UMMZ 214158); Pond 
2 miles south of Thomasburg, Hungerford 
Township (UMMZ 214155, 214156). 

Wyoming: Teton County (Beetle, 1962: 
74). 

Iowa, Paio Alto County: Elbow Lake, 
Ruthven (UMMZ 157548); Trumbell 
Lake (UMMZ 157549); Lost Island Lake 
(UMMZ 157547). 

South Dakota: Roberts County, Big 
Stone Lake (UMMZ 157551). 

Michigan: Wayne County, Grosse 
Isle (UMMZ 28800). Kent County, Grand 
Rapids (UMMZ 118096, 118095). Bay 
County, Saginaw Bay, Union Beach 
(UMMZ 28795). 

Ecology. The Recent records of this 
species suggest that it lives in shallow 
bodies of water, either perennial or 
temporary, ponds, sloughs or backwaters 
along streams. The presence of P. 
skinneri in the Bay of Quinte on Lake 
Ontario, may indicate a new type of 
habitat not previously recorded, but there 
is no detailed information on the label 
to indicate the local environmental 
conditions. “In Lincoln County, Wyoming, 
Taylor collected it from a shallow per- 
ennial pond on the floodplain of the Bear 
River. This pond contained a rich 
growth of submergent aquatic plants 
growing in a soft organic mud bottom, 
marginal cattails, and many mollusks. 
Valvata, Lymnaea, Promenetus and 


Physa were common” (Hibbard & 
Taylor, 1960: 120-121). The collections 
made from Hays, Alberta, contain Physa 
skinneri associated with Stagnicola cap- 
erata, Physa gyrina, Gyraulus parvus, 
Helisoma trivolvis and Promenetus um- 
bilicatellus. 

Material. Berends local fauna, 208817 
(97). Doby Springs local fauna locality 
1, 213722 (1); locality 4, 208914 (21). 
Mount Scott local fauna, locality UM- 
K4-53, 200627 (3); locality UM-K2-59, 
213671 (40). 

Remarks. There is every reason to 
believe that the lot catalogued under 
UMMZ 118095 are the specimens on 
which Crandall based Physa elliptica 
minor. Enclosed with the shells is a 
note stating “These little shells were 
sent to me by Streng from Grand Rapids.” 
This agrees with the statement made 
by Crandall (1901: 55) “Physa elliptica 
minor n.v. was sent to me from Grand 
Rapids, Mich., by Mr. Streng.” This 


material is part of the Crandall col- 
lection acquired by Bryant Walker. 

The measurements in millimeters of 
11 individuals from this lot (UMMZ 
118095) are given below: 
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Examination of this series of syntypes 
of P. e. minor and the types of P. skin- 
neri, indicates that the latter is a junior 
synonym of the former. The name com- 
bination Physa minor, however, is pre- 
occupied by a European species, Physa 
fontinalis minor Moquin-Tandon, 1855. 
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The first available name for this species 
is Physa skinneri Taylor. 


Aplexa hypnorum (Linnaeus) 


Geologic Range. Early Pleistocene 
(Ballard Formation) to Recent. The 
oldest record ofthis speciesinthe Meade 
County area is from the Sanders local 
fauna, Meade County, Kansas (Hibbard 
& Taylor, 1960). 

Distribution. Circumpolar: in North 
America it occurs from the Cascade 
Mountains east to the Atlantic and from 
Alaska and Hudson Bay south to Nevada, 
Colorado, the Platte River; the Ohio 
River and the District of Columbia. 

Ecology. According to Baker (1928a: 
474) Aplexa hypnorum is a Species of 
swales and intermittent streams or 
stagnant pools in Wisconsin. It is re- 
ported as especially abundant in wood- 
land pools which become dry in sum- 
mer, in company with Stagnicola caper- 
ata, Physa hildrethiana and Sphaer- 
zum occidentale. 

Material. Berends local fauna, 208831 
(25). Doby Springs local fauna locality 
4, 208943 (4); locality 5, 213783 (1). 
Mount Scott local fauna, locality UM-K4- 
53, 200601 (142); locality UM-K2-59, 
213672 (500). 


Order Stylommatophora 
Superfamily Cionelloidea 
Family Cionellidae 


Cionella lubrica (Miiller) 
Plate I, Fig. 8 


Geologic Range. Late Pliocene (Rex- 
road Formation, Rexroad local fauna) 
to Recent (Taylor, 1960: 77). 

Distribution. Holarctic. “Point Bar- 
row, Alaska, and Queen Charlotte Islands 
to Labrador and Newfoundland, south in 
the East to Washington, D. C. and south- 
ern Missouri; in all the Western and 
Mountain States except California; to 
the Mexican boundary in Arizona; inthe 
Sierra Madre of western Chihuahua” 
(Pilsbry, 1948: 1048). 

Ecology. “C. lubrica lives among 
the damp under-leaves in densely shaded 


places; under wood, such as old board 
sidewalks; in chinks of stone walls 
and under stones” (Pilsbry, 1948: 1049). 


Material. Doby Springs local fauna, 
locality 4, 208944 (1); locality 5, 
213781 (1). Mount Scott local fauna, 


locality UM-K3-60, 214171 (1). 


Superfamily Pupilloidea 
Family Strobilopsidae 


Strobilops labyrinthica (Say) 
Plate III, Figs. 8-10 


Geologic Range. Late Pliocene (Rex- 
road Formation, Saw Rock Canyon local 
fauna) to Recent (Hibbard & Taylor, 
1960). 

Distribution. Eastern North America, 
from Quebec to northern Alabama, west- 
ward to Manitoba, Black Hills, South 
Dakota, eastern Kansas and Oklahoma. 

Ecology. “This snailinhabits forested 
areas, and is found in and among the 
leaf litter, decaying logs, and beneath 
started bark and other debris of the 
forest floor” (Leonard, 1959: 167). 

Material. Berends localfauna, 208799 
(1). Doby Springs local fauna, locality 
1, 213741 (4); locality 4, 208917 (4). 
Mount Scott local fauna, locality UM- 
K4-53, 200640 (338); locality UM-K1-60, 
213806 (90); locality UM-K2-59, 213673 
(55): 

Remarks. Branson (1961), in one of 
his series of papers summarizing the 
Recent gastropod fauna of Oklahoma, 
listed the occurrence of Strobilops lab- 
rinthica in that state without distinguish- 
ing between Recent and fossil material. 
The Recent records of S. texasiana 
(which he considers a synonym of S. 
labyrinthica) cited from Harper County, 
may be based on fossil shells. 


Family Pupillidae 
Gastrocopta armifera (Say) 


Geologic Range. Early Pliocene (La- 
verne Formation, Laverne local fauna) 
to Recent (Hibbard & Taylor, 1960). 

Distribution. Eastern North America 
from the Maritime Provincesin Canada, 


FIVE ILLINOIAN FAUNAS 241 


south to northern Florida; west to 
Rocky Mountains. 

Ecology. “Gastrocopta armifera is 
a gregarious Species occurring com- 
monly on wooded slopes, near or re- 
moved from a stream. Itis to be found 
under dead wood, limestone rocks, or 
light cover of leaf mold or other debris. 
G. armifera frequently occurs under 
boards or rocks in gardens” (Franzen 
& Leonard, 1947: 329). I have collected 
this species in large numbers in tall 
grass, under boards and beneath dead 
wood in cottonwood groves, in Meade 
County State Park. At drier stations 
it was often associated with Gastro- 
copta cristata and Pupoides albilabris. 

Material. Berends local fauna, 208824 
(29). Doby Springs local fauna, locality 
11 23371748); locality: 2, 185783. (1); 
locality 4, 208918 (27); locality 5, 
213766 (97). Mount Scott local fauna, 
locality UM-K4-53, 200610 (1500); 
locality UM-K1-60, 213807 (50); locality 
UM-K2-59, 213678 (1150); locality UM- 
K3-60, 214178 (17). Locality UM-K2-60, 
214189 (87). Recent, Harper and Beaver 
counties, Oklahoma. 


Gastrocopta tappaniana (Adams) 


Geologic Range. Late Pliocene (Rex- 
road Formation, Saw Rock Canyon local 
fauna) to Recent (Hibbard & Taylor, 
1960). 

Distribution. “Ontario and Maine to 
Virginia and Alabama, west to South 
Dakota and Kansas, southwest to Ari- 
zona, but not known from the south east- 
ern Atlantic States, Virginia to Florida” 
(Pilsbry, 1948: 889). 

Ecology. “This snail is found be- 
neath wood, logs and similar debris in 
moist places, especially on floodplains 
and in moist upland forested areas” 
(Leonard, 1959: 177). 

Material. Berends local fauna, 208802 
(696). Doby Springs local fauna, locality 
1, 213728 (64); locality 2, 185794 (6); 
locality 4, 208922 (800); locality 5, 
213765 (560). Mount Scott local fauna, 
locality UM-K4-53, 200615 (2100); local- 
ity UM-K1-60, 213812 (96); locality 





UM-K2-59, 213674 (2500). Locality 
UM-K2-60, 214188 (1). Recent, Beaver 
and Harper counties, Oklahoma. 


Gastrocopta procera (Gould) 


Geologic Range. Middle Pleistocene 
(Kansan, Cudahy fauna) to Recent. 

Distribution. Maryland toSouth Caro- 
lina and Alabama; west to Black Hills, 
South Dakota, southeastern Wyoming, 
and Arizona (Hibbard & Taylor, 1960; 
Reigle, 1963). 

Ecology. “Gastrocopta procera is 
typically an inhabitant of timbered slopes 
near streams, where it lives in leaf 
mold, beneath fallen logs or loosened 
bark, or beneath stones, but sometimes 
it is found living in meadows in dead 
grass” (Leonard, 1950: 32). Its dis- 
tribution in Kansas is indicative of its 
ability to withstand periods of high 
temperature and drought (Leonard & 
Goble, 1952). 

Material. Berends local fauna, 208825 
(5). Doby Springs local fauna, locality 2, 
195796 (1); locality 4, 208921 (110); 
locality 5, 213764 (15). Mount Scott 
local fauna, locality UM-K4-53, 200615 
(2100); locality UM-K1-60, 213871 (19); 
locality UM-K2-59, 213680 (83); locality 
UM-K3-60, 214175 (7). Recent, Beaver 
and Harper counties, Oklahoma. 


Gastrocopta cristata (Pilsbry & Vanatta) 


Geologic Range. Late Pliocene (Rex- 
road Formation, Bender local fauna) 
to Recent (Hibbard & Taylor, 1960). 

Distribution. Arizona and New Mexi- 
co, east to Arkansas and Louisiana; 
north to Nebraska, Indiana. 

Ecology. This snail can be found in 
timbered areas, both upland and flood- 
plain situations, as well as in grass- 
lands (Leonard, 1943). In Meade County 
State Park, I have collected it in large 
numbers from under pieces of scrap 
wood lying in a dry upland meadow. At 
this locality it was frequently an asso- 
ciate of Pupoides albilabris. Both of 
these species are apparently xerophilic. 

Material. Berends local fauna, 208826 
(67). Doby Springs local fauna, locality 1, 
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213731 (1); locality 4, 219920 (350); 
locality 5, 213767 (8). Mount Scott local 
fauna, locality UM-K4-53, 200612 (710); 
locality UM-K1-60, 213809 (88); locality 
UM-K2-59, 213677 (850); locality UM- 
K3-60, 214180 (2). Recent, Beaver and 
Harper counties, Oklahoma. 


Gastrocopta pellucida 
hordeacella (Pilsbry) 


Geologic Range. Late Pliocene (Rex- 
road Formation, Rexroad local fauna) to 
Recent (Hibbard & Taylor, 1960). 

Distribution. “Southern and Baja, 
California (locally) through southeastern 
Colorado and Kansas to Florida; south 
to Sinaloa and Tampico, Mexico; north- 
ward on the Atlantic Coastal Plain to 
southern New Jersey” (Hibbard & Taylor, 
1960: 123-124). “The northward ex- 
tension along the Atlantic Coast is very 
narrow, discontinuous so far as known, 
and perhaps mainly confined to the 
coastal islands” (Pilsbry, 1948: 914). 

Ecology. “Uncertain. From the geo- 
graphic distribution, frequent occur- 
rence in stream drift in the southern 
Great Plains, and occasional occurrence 
in samples of fossils washed from bulk 
collections of matrix, it appears this 
species may live among the grass roots, 
perhaps sometimes even on exposed 
Slopes. So far as known, the snail has 
not been collected alive in the Plains” 
(Hibbard & Taylor, 1960: 124). 

Material. Mount Scott local fauna, 
locality UM-K2-59, 213675 (2). Recent, 
Harper County, Oklahoma. 


Gastrocopta contracta (Say) 


Geologic Range. Early Pliocene (La- 
verne Formation, Laverne local Fauna) 
to Recent (Hibbard & Taylor, 1960). 

Distribution. Eastern North America 
from Maine, westward to Manitoba, South 
Dakota, central Kansas, Oklahoma and 
western Texas, south to the states of 
Morelos and Vera Cruz, in Mexico. The 
typical form is replaced by a different 
subspecies along the Gulf Coastal Plain 
(Hibbard & Taylor, 1960). 

Ecology. “On shaded slopes along the 


water courses, under dead wood, leaf 
mold and grass” (Franzen & Leonard, 
1947: 331). 

Material. Doby Springs local fauna, 
locality 4, 208919 (1). Mount Scott 
local fauna, locality UM-K4-53, 200611 
(830); locality UM-K1-60, 213808 (118); 
locality UM-K2-59, 213676 (735). 


Gastrocopta holzingeri (Sterki) 


Geologic Range. Late Pliocene (Rex- 
road Formation, Saw Rock Canyon local 
fauna) to Recent (Hibbard & Taylor, 
1960). 

Distribution. “Ontario and western 
New York to Helena, Montana, south to 
Illinois, Kansas, and Albuquerque and 
Mesilla, New Mexico” (Pilsbry, 1948: 
883). 

Ecology. “Gastrocopta holzingeri is 
found on timbered slopes under leaf 
mold .... In order to remain established 
in northwestern Kansas, as it is doingto 
some extent, it must be tolerant of the 
hot, dry climatic conditions that obtain 
in the summer time. G. holzingeri is 
not one of the predominating species 
of the fauna of Kansas. According to 
its general distribution in North Ameri- 
ca, it prefers decidedly cooler climates” 
(Franzen & Leonard, 1947: 334-335). 

Material. Berends localfauna, 208809 
(29). Doby Springs local fauna, locality 4, 
208940 (1); locality 5, 213749 (1). Mount 
Scott local fauna, locality UM-K4-53, 
200613 (980); locality UM-K1-60, 213810 
(1); locality UM-K2-59, 213679 (180); 
locality UM-K3-60, 214169 (1). 


Vertigo ovata (Say) 


Geologic Range. Early Pliocene (La- 
verne Formation, Laverne local fauna) 
to Recent. 

Distribution. Labrador south to the 
West Indies, west to Mexico, Arizona, 
Utah, Oregon and Alaska. 

Ecology. “Vertigo ovata ... lives only 
in moist environs afforded by shaded 
slopes near streams and shores of ponds. 
Its range in Kansas extends westward 
to the generally dry regions of the High 
Plains. In these regions are local 
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ponds and streams, many of which are 
fed by the artesian springs, along whose 
shaded slopes У. ovata is found, though 
not in great numbers” (Franzen & Leon- 
ard, 1947: 355). 

Material. Berends local fauna, 208803 
(1070). Doby Springs local fauna, local- 
ity 1, 213718 (438); locality 2, 185795 
(7); locality 4, 208925 (166); locality 5, 
213768 (300). Mount Scott local fauna, 
locality UM-K4-53, 200654 (1280); local- 
ity UM-K1-60, 213814 (85); locality 
UM-K2-59, 213682 (5500); locality 
UM-K3-60, 214176 (2). Recent, Beaver 
and Harper counties, Oklahoma. 


Vertigo milium (Gould) 


Geologic Range. Late Pliocene (Rex- 
road Formation, Saw Rock Canyon local 
fauna) to Recent (Hibbard & Taylor, 
1960). 

Distribution. “Maine and Quebec to 
the Florida Keys, west to South Dakota, 
Grand County, Colorado, and southeast- 


ern Arizona; Tampico, Mexico; 
Jamaica; Santo Domingo” (Pilsbry, 
1948: 945). 

Ecology. “Found in numbers under 


sticks, stones and leaves in moist situ- 
ations along flood-plains and wooded 
stream borders” (Leonard, 1959: 185). 
It has been collected from beneath pieces 
of moss covered wood, in a seepage 
area at Doby Springs Park, Harper 
County, Oklahoma. 

Material. Berends local fauna, 208820 
(21). Doby Springs local fauna, locality 4, 
208924 (92); locality 5, 213769 (255). 
Mount Scott local fauna, locality UM-K4- 
53, 200653 (245); locality UM-K1-60, 


213820 (2); locality UM-K2-59, 213681 
(350). Recent, Harper County, Okla- 
homa. 
Vertigo elatior Sterki 
Plate I, Fig. 11 

Vertigo elatior, Pilsbry, 1948: 956, 

Figs, 514; 515, number 6 

Vertigo elatior, Franzen & Leonard, 


19472357, Pl: XX, Fig. 2 
Vertigo gouldi, Hibbard & Taylor, 1960: 
134-135, Pl. XI, Fig. 10 (поп Binney) 


243 


Geologic Range. Middle Pleistocene 
(Kansan) to Recent. The earliest re- 
cords from the Meade County area are 
from the Cudahy fauna, Sunbrite Ash 
Pit, UMMZ 177255a, and the Cudahy 
Mine UMMZ uncatalogued. 

Distribution. The distribution map 
(Fig. 7) is based on material examined 
in the collections of the University of 
Michigan Museum of Zoology, the U.S. 
National Museum, and published records. 
The following is a list of peripheral 
localities: 

British Columbia: 
1948: 956 

Alberta: Laggan; Pilsbry, 1948: 956. 


Field; Pilsbry, 


Manitoba: Ilford (UMMZ 180135). 
Montana: Darby and White’s Spring 
(West of Ward); Vanatta, 1914: 370). 
Wyoming: Teton County, Moran 


Junction; Beetle, 1962: 74. 

Colorado: Lake George, Henderson, 
1924: 136. 

New Mexico: Socorro County, Oscoro 
Mountains; Pilsbry, 1948: 956. 

Ontario: Moose Factory (UMMZ 
55957); Cochrane District, Smokey Falls 
(UMMZ 180148); Patricia District, 
Borthwick Lake, (UMMZ 180150). 

Quebec: Hull County, Hull, Fairy 
Lake (UMMZ 180136). 

Newfoundland: Boone Bay, Brooks 
& Brooks, 1940: 72. 


Maine: Aroostook County, Caribou 
(USNM 160160). 

New York: Staten Island (USNM 
47497a). 


West Virginia: Jefferson County; 
Brooks & Kutchka, 1938: 77; Preston 
County, Camp Dawson (USNM 533530). 

Virginia: Montgomery County, Rad- 
for (USNM 523439); Fredrick County, 
1 mile east of Hayfield (USNM 533414). 

Ohio: Summit County, Hudson (UMMZ 
112178); Tuscarawas County, vicinity of 
New Philadelphia; Sterki, 1894: 5. 


Indiana: Hendricks County, Danville 
(USNM 160140b). 

Illinois: Winnebago County; Baker, 
1939: 106. 

Iowa: Cerrogordo County, Mason 
City, dredged in Big Slough (USNM 
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FIG. 7. Distribution of Vertigo elatior. 
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508637); West Lake Okoboji; drift on 
north shore of Millers Bay (USNM 
476262). 

North Dakota: Polette County, Upsilon 
Lake; Winslow, 1921: 9. 

Ecology. “Vertigo elatior prefers a 
cool humid climate characteristic of 
northern United States or mountainous 
areas of southern states .... Prolonged 
drought and high temperatures, charac- 
teristic of Kansas’ summers, are factors 
excluding V. elatior from Kansas today” 
(Franzen & Leonard, 1947: 357). 

Material. Doby Springs local fauna, 
locality 1, 213730 (30); locality 4, 
208938 (165); locality 5, 213770 (450). 
Butler Spring local fauna, 197569 (1). 

Remarks. Vertigo elatior, as under- 
stood in this report, may be recognized 
by (1) its elongate-oval to conic-ovate 
shell; (2) a strongly biarcuate aperture, 
produced by a fold, which leaves an 
elongate groove on the exterior of the 
palatal wall about halfway fromitsadap- 
ical end; (3) the outer margin of the 
aperture, below this groove inthe palatal 
wall, which is slightly reflected; (4) the 
base of the shell which tends to be con- 
stricted and appears pinched; (5) a 
crest, parallel to the outer margin ofthe 
aperture, which is usually present; (6) 
the number of lamellae and folds, charac- 
teristically 5 in number: one high, short 
angular lamella, located at the center of 
the parietal wall, whichis directed down- 
ward and towards the outer margin of 
the aperture; 2 palatal folds, an upper, 
which merges outwardly toward the 
mouth of the aperture with the inden- 
tation in the palatal wall; and a more 
deeply immersed lower palatal fold; a 
low basal fold, located at the base of 
the collumelar wall; anda subvertical, 
collumelar fold, which ascends rapidly 
inwardly. The palatal and basal folds 
are usually situated on and joined by a 
callus. 

The chief variations observed occur 
in the number and size of the palatal 
folds. A small, weak tubercle, in the 
position of the suprapalatal fold, may 
be developed in some individuals. The 


basal fold can occur as a single high 
tubercle, alone or in close proximity 
to an infrapalatal fold, thatisalso small, 
low and tuberculate; or as a high 
tubercle, with а closely associated infra- 
palatal tubercle. The palatal callus is 
also variable, and is completely lacking 
or poorly developed in some individuals. 

Hibbard & Taylor (1960: 134) referred 
one shell (UMMZ 197569) from locality 
1 of the Butler Spring local fauna to 
Vertigo gould. However, this speci- 
men lacks the well developed axial 
sculpture characteristic of that species. 
It does, though, compare favorably with 
the large series of fossil Vertigo elatior 
from the Doby Springs local fauna, and 
with the lots of Recent У. elatior shells 
in the U. S. National Museum and Uni- 
versity of Michigan Museum of Zoology 
collections. 

The description and illustration of V. 
gouldi in Franzen & Leonard (1947: 
358, Pl. II, fig. 3) suggests that their 
material is probably У. elatior. The 
presence of V. elatior ina collection of 
Shells made in 1958, by a University of 
Michigan Museum of Paleontology field 
party from the same locality listed by 
Franzen & Leonard for Vertigo gouldi 
(Cudahy Mine, sec 2, T 31 S, R 28 W, 
Meade County, Kansas), tends to support 
this conclusion. 


Pupoides albilabris (Adams) 


Geologic Range. Early Pliocene (La- 
verne Formation, Laverne local fauna) 
to Recent (Hibbard & Taylor, 1960). 

Distribution. “Eastern North America 
from southern Canada to the Gulf of 
Mexico, west to the Dakotas, Colorado, 
and Western Arizona; northern Mexico, 


Cuba, Haiti, Puerto Rico, Bermuda” 
(Leonard, 1959: 181). 
Ecology. “This species, tolerant of 


high summer temperatures and drought, 
is found in woodlands, in deep grass, 
or even among the roots of short grass 
in unshaded areas” (Franzen & Leonard, 
1947: 371). In Meade County, I have 
observed this species crawling about on 
a barren outcrop during a bright sunny 
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day after a good rain. In this area, 
the animal must seek shelter infractures 
and joints in the dried ground during 
the hotter part of the day, coming out 
only at night or after a rain. 

Material. Berends localfauna, 208819 
(11). Doby Springs local fauna, locality 
4, 208923 (15); locality 5, 213771 (14). 
Mount Scott local fauna, locality UM-K4- 
53, 200637 (620); locality UM-K1-60, 
213813 (36); locality UM-K2-59, 213685 
(275), locality UM-K3-60, 214181 (13). 
Locality UM-K2-60, 214191 (1). Recent, 
Beaver and Harper counties, Oklahoma. 


Pupilla blandi Morse 


Geologie Range. Middle Pleistocene 
(Kansan, Cudahy fauna) to Recent. 

Distribution. “Rocky Mountains, from 
New Mexico (at high elevations) to 
southern Alberta; northern Great Plains 
east to western North Dakota; Black 
Hills, South Dakota” (Hibbard & Taylor, 
1960: 130). One lot in the U. S. National 
Museum collection (USNM 598457) from 
river drift of the Little Missouri River, 
Dunn County, North Dakota, contains 
many shells that still have the perio- 
stracum and indicate a more easterly 
occurrence than any reported by Taylor 
(Hibbard & Taylor, 1960: 131). 

Ecology. “Inthehigher, forested parts 
of the Rocky Mountains Pupilla blandi 
is widespread. It occurs in forest, or 
in meadows and parks where cover and 
some moisture are available. Together 
with Vallonia, it may often be found in 
protected situations somewhat less damp 
than those required by snails such as 
Vitrina, Vertigo or Discus” (Hibbard & 
Taylor, 1960: 131). 

Material. Doby Springs local fauna, 
locality 5, 213772 (21). Mount Scott local 
fauna, locality UM-K4-53, 200638 (1); 
locality UM-K2-59, 213683 (5). Locality 
UM-K2-60, 214185 (405). 

Remarks. The large series of Pupilla 
blandi from locality UM-K2-60 is rela- 
tively consistent in the number and de- 
velopment of the denticles. The most 
variable characters in this series are 
the height and diameter, which range 





from 2.5-3.5mm and 1.60-1.75mm re- 
spectively. 


Pupilla muscorum (Linnaeus) 


Geologic Range. Middle Pleistocene 
(Kansan, Cudahy fauna) to Recent (Frye & 
Leonard, 1952: 158-159). 

Distribution. Holarctic. In North 
America, from Newfoundland, “... Anti- 
costi Island south to Atlantic City, New 
Jersey, westward in Canada and in the 
northern tier of states to Milton, Oregon; 
south in the Rocky Mountain region 
through Colorado toSocorro County, New 
Mexico, and northern Arizona; north to 
Anuk, Alaska” (Pilsbry, 1948: 934). 

Ecology. “Lives in regions having a 
cool, humid climate. Is found living on 
the ground, under wood, stones, and 
leaves” (Franzen & Leonard, 1947: 376). 

Material. Doby Springs local fauna, 
locality 1, 213727 (105); locality 4, 
208939 (58); locality 5, 213773 (190). 


Family Valloniidae 
Vallonia gracilicosta Reinhardt 


Geologic Range. Late Pliocene (Rex- 
road Formation, Rexroad local fauna) 
to Recent, (Hibbard & Taylor, 1960). 

Distribution. Rocky Mountains from 
southern Arizona and New Mexico (at 
high elevations) northward to Alberta 
and Fort Norman, Northwest Terri- 
tories; eastward to Manitoba, Nebraska, 
Minnesota and Iowa. The easternlimits 
of its distribution are uncertain because 
of the difficulty of distinguishing V. 
gracilicosta from У. albula, which ex- 
tends further east. 

Ecology. In northern Nebraska, onthe 
Fort Niobrara Wildlife Refuge, I have 
collected V. gracilicosta from amongst 
moist leaf mold, bark and fallen timber 
in cottonwood groves. 

Material. Berends local fauna, 208806 
(7). Doby Springs local fauna, locality 1, 
213725 (1650); locality 2, 185797 (12); 
locality 4, 208926 (620); locality 5, 
213774 (1120). Mount Scott local fauna, 
locality UM-K4-53, 200650 (800); local- 
ity UM-K1-60, 213815 (20); locality 
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UM-K2-59, 213687 (110); locality UM- 
K3-60, 214166 (32). Locality UM-K2-60, 
214193 (500). 


Vallonia parvula Sterki 


Geologie Range. Late Pliocene (Rex- 
road Formation, Bender local fauna) to 
Recent (Hibbard & Taylor, 1960). 

Distribution. “Great Plains from 
South Dakota to north-central Oklahoma 
eastward to northern Missouri, northern 
Ohio, southern Ontario, and western 
New York” (Hibbard & Taylor, 1960: 
138). 

Ecology. “Vallonia parvula inhabits 
wooded areas in both upland and flood- 
plain situations. It has been found in 
and about logs, sticks, rocks and similar 
niches, and often buries itself in the 
ground to a depth of several times its 
diameter” (Leonard, 1959: 189). In 
Meade County, it has been collected 
from leaf litter, in a cottonwood grove 
near the west end of Lake Larrabee. 

Material. Berends local fauna, 208800 
(23). Doby Springs local fauna, locality 
4, 208927 (4). Mount Scott local fauna, 
locality UM-K4-53, 200651 (561); local- 
ity UM-K1-60, 213816 (8); locality 
UM-K2-59, 213686 (145); locality 
UM-K3-60, 214168 (4). Recent, Harper 
County, Oklahoma. 


Superfamily Succineoidea 
Family Succineidae 


Oxyloma sp. 


Oxyloma naverrei Leonard, 1950: 23, Pl. 
4, Fig. H. Frye & Leonard, 1952: 158, 
Pl. 15, Fig. ee 

Oxyloma haydeni (Binney), Taylor, 1954: 
5. Taylor & Hibbard, 1955: 8 

Oxyloma retusa (Lea), Taylor, 1960: 
78. Hibbard & Taylor, 1960: 141. Miller, 
1961: 108 


Material. Berends localfauna, 208810 
(188). Doby Springs local fauna, locality 
1, 213720 (8); locality 4, 208929 (12). 
Mount Scott local fauna, locality UM-K4- 
53, 200624, (143); locality UM-K2-59, 
213697 (200). 


Remarks. Recent studies of Oxyloma 
retusa and O. haydeni by Franzen (1963, 
1964) have shown that it is not possible 
to separate these 2 species on shell 
characteristics. Fossil shells belonging 
to the genus Oxyloma may, therefore, 
have been incorrectly assigned to species 
in earlier reports (Leonard, 1950; Frye 
& Leonard, 1952; Taylor, 1954, 1960; 
Taylor € Hibbard, 1955; Hibbard & 
Taylor, 1960; Miller, 1961). 


cf Succinea 


Material. Berends local fauna, 208834 
(6). Doby Springs local fauna, locality 1, 
213719 (160); locality 2, 185793 (13); 
locality 4, 208928 (163); locality 5, 
213780 (5). Mount Scott local fauna, 
locality UM-K4-53, 200641 (66); locality 
UM-K1-60, 213817 (9); locality UM-K2- 
59, 213693 (71); locality UM-K3-60, 
214179 (1). Locality UM-K2-60, 214196 
(150). 

Remarks. Most succineids cannot be 
satisfactorily placed to genus or species, 
on the basis of shell characteristics 
(Miles, 1958; Taylor, 1960). In the 
present study, it has only been possible 
to identify shells belonging to the genus 
Oxyloma with reasonable confidence. All 
the remaining succineid material has 
been referred to cf Succinea. 


Superfamily Endodontoidea 
Family Endodontidae 


Discus cronkhitei (Newcomb) 


Geologic Range. Middle Pleistocene 
(Kansan, Cudahy fauna) to Recent (Frye 
& Leonard, 1952: 158-159). 

Distribution. Alaska south to the 
mountains of southern California; south 
in Rocky Mountains to Colorado, Ari- 
zona and New Mexico; eastwardacross 
northern Canada from British Columbia 
to Labrador and Newfoundland. East of 
the Rocky Mountains the southern limits 
of its range are reached in south-central 
Nebraska, Missouri, Illinois, Indiana, 
Ohio, West Virginia, Kentucky, Mary- 
land. A collection made from the flood- 
plain of the Republican River, in Red 
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Willow County, Nebraska, representsthe 
southernmost record for this species in 
the High Plains. 

Ecology. “In the east it lives in 
humid forest, under dead wood, and 
among rotting leaves or grass in rather 
wet situations. It is a common snail 
in the Canadian and Transition faunas, 
and occurs sporadically in the Caro- 
linian” (Pilsbry, 1948: 604). In Red 
Willow County, Nebraska, it was found 
under sticks, logs and forest litter, 
on the flood plain of the Republican 
River, in association with Zonitoides 
arboreus, Gastrocopta armifera, Dero- 
ceras laeve andGastrocopta tappaniana. 

Material. Doby Springs local fauna, 
locality 1, 213724 (132); locality 2, 
185776 (14); locality 4, 208930 (104). 
Mount Scott local fauna, locality UM-K4- 
53, 200605 (2); locality UM-K1-60, 
213818 (10); locality UM-K2-59, 213691 
(1); locality UM-K3-60, 214182 (1). 


Helicodiscus parallelus (Say) 


Geologic Range. Late Pliocene (Rex- 
road Formation, Bender local fauna) 
to Recent (Miller, 1964). 

Distribution. “Eastern North Ameri- 
ca, from Newfoundland south to Georgia 
and Alabama; westward to South Dakota 
and Oklahoma” (Hibbard & Taylor, 1960: 
144). 

Ecology. “It lives on decaying wood 
in shady or humid places, also on damp 
leaves” (Pilsbry, 1948: 627). “Ineastern 
Kansas the species may occur in grassy 
fields, on sparsely timbered slopes, and 
on rocky ledges as well as in more 
moist places. In the more arid parts of 
the state, however, dH. parallelus is 
limited to woodland cover, and usually 
occurs around decaying timber” (Leon- 
ard & Goble, 1952: 1039). 

Material. Berends local fauna, 208812 
(7). Doby Springs local fauna, locality 1, 
213733 (45); locality 4, 208931 (1425); 
locality 5, 213776 (195). Mount Scott 
local fauna, locality UM-K4-53, 200620 
(280); locality UM-K1-60, 213819 (20); 
locality UM-K2-59, 213692 (350); local- 
ity UM-K3-60, 214170 (52). 


Helicodiscus singleyanus (Pilsbry) 


Geologic Range. Late Pliocene (Rex- 
road Formation, Saw Rock Canyon local 
fauna) to Recent (Hibbard & Taylor, 
1960). 

Distribution. “United Statesfrom New 
Jersey and Florida west toSouth Dakota, 
southwest to Arizona” (Leonard, 1959: 
133). 

Ecology. This species has apparently 
never been taken alive in theHigh Plains 
(Hibbard & Taylor, 1960). The occur- 
rence of fresh shells among the fossil 
bearing matrix that has been washed 
from various localities in the southwest 
Kansan-northwest Oklahoma area, 
seems to indicate that Helicodiscus 
singleyanus can survive the hot dry 
summers that characterize this region. 
The animal probably lives among the 
grass roots during the hot, dry part of 
the day, and seeks shelter inthe fractures 
and cracks that have formed in the more 
exposed surfaces. 

Material. Mount Scott local fauna, 
locality UM-K1-60, 213821 (2). Recent, 
Beaver and Harper Counties, Oklahoma. 


Punctum minutissimum Lea 
Plate I, Figs. 6-8 


Geologic Range. Late Pleistocene 
(Illinoian) to Recent. 

Distribution. Newfoundland south to 
Florida; west to southern Ontario, the 
Lake States, South Dakota, Colorado, 
New Mexico, Oregon and Mexico, (Pils- 
bry, 1948). The nearest Recent occur- 
rence to the Meade County area is from 
Phillips County Kansas (Leonard, 1959). 
Taylor (1960) has collected Punctum 
minutissimum from Brown County, 
Nebraska. 

Ecology. “This dwarf among pygmies 
lives on damp leaves, around decaying 
logs, and is chiefly obtained by sifting 
leaves ... Morse states that ‘dense, hard- 
wood growths appear to be their favorite 
position. They prefer the rotten bark 
of beech trees, and frequently are found 
in the large forms of fungi, such as 
Polyporus and Boletus’ ” (Pilsbry, 1948: 
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645). 

Material. Mount Scott local fauna, 
locality UM-K4-53, 200636. (43). 

Remarks. The only previously re- 
ported fossil occurrence of P. minutis- 
simum in the southern Plains region, has 
been from the Sangamon, Jinglebob local 
fauna (van der Schalie, 1953). Its 
presence in the Mount Scott local fauna 
extends its known range to the Illinoian. 


Superfamily Zonitoidea 
Family Limacidae 
Deroceras aenigma Leonard 


Geologic Range. Late Pliocene (Rex- 
road Formation, Saw Rock Canyon local 
fauna) to Late Pleistocene (Sangamon, 


Cragin Quarry local fauna) (Hibbard & 


Taylor, 1960). 

Ecology. Unknown. It probably had 
habitat requirements similar to those 
of living species of Deroceras. 

Material. Berends localfauna, 208827 
(24). Doby Springs local fauna, locality 
1, 213710 (8); locality 4, 208932 (42), 
213779 (51). Mount Scott local fauna, 
locality UM-K4-53, 200604 (200); local- 
ity UM-K1-60, 213822 (17); locality 
UM-K2-59, 213690 (250). 

Remarks. Several lots contain speci- 
mens that are thinner and smaller than 
the typical D. aenigma; they may per- 
haps be D. laeve. At present, however, 
it is not possible to separate these 2 
species when they occur together, for 
the smaller, thinner shells may repre- 
sent either D. laeve or immature D. 
aenigma (see discussionin Taylor, 1954). 


Family Zonitidae 
Euconulus fulvus (Müller) 


Geologie Range. Middle Pleistocene 
(Kansan, Cudahy fauna) to Recent. (Frye 
& Leonard, 1952: 158-159). 

Distribution. “Almost throughout the 
Holarctic realm, but wanting in the Gulf 
and South Atlantic States from Texas to 
North Carolina” (Pilsbry, 1946: 236). 

Ecology. “Е. fulvus lives among 
leaves in well-shaded places, and may 


usually be obtained by leaf sifting where 
its presence would otherwise be un- 
suspected” (Pilsbry, 1946: 236). Ihave 
collected it in Washtenaw County, Michi- 
gan, from a marsh on the floodplain of 
the Huron River among high grass and 
scattered shrubs. 

Material. Berends localfauna, 208815 
(1). Doby Springs local fauna, locality 
1, 213713 (10); locality 4, 208933 (23); 
locality 5, 213775 (37). Mount Scott 
local fauna, locality UM-K4-53, 200606 
(84); locality UM-K1-60, 213823 (3); 
locality UM-K2-59, 213684 (6). 


Nesovitrea electrina (Gould) 


Geologic Range. Late Pliocene (Rex- 
road Formation, Rexroad local fauna) 
to Recent (Hibbard & Taylor, 1960). 

Distribution. “North America north 
of about latitude 389, southward in the 
Rocky Mountains to Arizona and New 
Mexico” (Hibbard & Taylor, 1960: 
148). 

Ecology. Nesovitrea electrina is pri- 
marily a wood snail, living among dead 
leaves, under bark and decaying logs. 
It is often found in association with 
Zonitoides arboreus, Strobilops laby- 
rinthica and Retinella indentata (Leon- 
ard & Goble, 1952). Leonard (1950: 
37) reports that N. electrina is a com- 
mon snail in the forested areas of east- 
ern Kansas, “where the annual rainfall 
is generally more than 35 in.but it de- 
clines in frequency of occurrence to- 
wards the more arid’ Plains Border 
Province and is unknown in the Plains 
Province even where timber is locally 
available.” Although this species evi- 
dently prefers a woodland habitat, it 
has been collected from more open 
situations “ in marsh grass; in ferns 
in meadows; ... in herbacious tall weeds, 
in grass and under burdocks in open 
fields ...” (Archer, 1939: 19). 

Material. Doby Springs local fauna, 
locality 1, 213734 (15); locality 4, 
208934 (5); locality 5, 213777 (31). Mount 
Scott local fauna, locality UM-K4-53, 
200639 (107); locality UM-K2-59, 213689 
(22). 
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Hawaiia minuscula (Binney) 


Geologic Range. Late Pliocene (Rex- 
road Formation, Saw Rock Canyon local 
fauna) to Recent (Hibbard & Taylor, 
1960). 

Distribution. “North America from 
Alaska and Maine to Costa Rica.... It 
is generally spread over every eastern 
and midwestern state, and in Florida 
as far south as Miami and Cape Sable, 
though not seen from the Keys. It be- 
comes rather local in Rocky Mountain 
States, and has not been seen from 
Washington, Oregon, Idaho, Nevada and 





Utah, and only towards the south in 
California, where some records are 
probably owing to importation with 


plants” (Pilsbry, 1946: 421-423). 

Ecology. “Hawaiia minuscula is found 
under logs, sticks, stones and in clumps 
of grass in both floodplains and upland 
situations” (Leonard, 1959: 120). I have 
collected this species from sticks buried 
in moist leaf litter that filled a small 
gulley, in a stand of cottonwood trees, 
at the west end of Lake Larrabee, in 
Meade County State Park. 

Material. Berends local fauna, 208822 
(543). Doby Springs local fauna, locality 
1, 213732 (25); locality 4, 208936 (1300); 
locality 5, 213778 (108). Mount Scott 
local fauna, locality UM-K4-53, 200619 
(2300); locality UM-K1-60, 213824 (54); 
locality UM-K2-59, 213688 (650); local- 
ity UM-K3-60, 213172 (30). Locality 
UM-K2-60, 214184 (3). Recent, Harper 
County, Oklahoma. 


Zonitoides arboreus (Say) 


Geologic Range. Early Pliocene (La- 
verne Formation, Laverne local fauna) 
to Recent (Hibbard & Taylor, 1960). 

Distribution. North America from 
northern Canada south to Banana River, 
Costa Rica (Pilsbry, 1946). Its north- 
ern limit is placed by Dall (1905) at 
61° north latitude. 

Ecology. “In the eastern states and 
Mississippi valley this snail is every- 
where abundant, to be found wherever 
there are trees or shelter of any kind; 





on or under the bark of logs, under 
boards, bricks or stones in the grass, 
or in any like situation offering pro- 
tection from the sun and a reasonable 
degree of moisture. In the southern 
Alleghanies I have found it up to about 
5800 feet, and in the Colorado Rockiesit 
has been taken at 10,000 feet” (Pilsbry, 


1946: 482). 

Material. Doby Springs local fauna, 
locality 1, 213726 (25); Tocalityz2, 
185786 (2); locality 4, 208935 (146). 


Mount Scott local fauna, locality UM- 
K4-53, 200655 (150); locality UM-K1-60, 
213796 (17); locality UM-K2-59, 213695 
(131), 213699 (63); locality UM-K3-60, 
214177 (7). Locality UM-K2-60, 214192 
(1). 


Zonitoides nitidus (Müller) 
Plate II, Figs. 1,3 


Geologie Range. Late Pleistocene 
(Illinoian, Mount Scott local fauna) to 
Recent. 

Distribution. Holarctic. The ac- 
companying distribution map (Fig. 8) is 
based on published records, and material 
examined in the University of Michigan 
Museum of Zoology (UMMZ), and the 
U. S. National Museum (USNM) col- 
lections. 

The following is a list of peripheral 
occurrences along the southern margin 
of its distribution: 








Newfoundland: Bonne Bay; Brooks 
& Brooks, 1940: 71. 
Quebec: Anticosti Island; Pilsbry, 


1948: 477. 
Nova Scotia: Victoria County; Mac- 
Millan, 1953: 399. 


Virginia: Orange County, Orange, 
UMMZ 115097. 

Kentucky: Warren County, USNM 
568444. 

Tennessee: Knox County, Knoxville, 
USNM 38881. 

Alabama: Jackson County, USNM 
116596. 


Iowa: Linn County, Cedar Rapids, 
USNM 507625; Dubuque County, Dubuque, 
USNM 507744; Bremer County, Waverly, 
USNM 507820; Cerro Gordo County, 
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FIG. 8. Distribution of Zonitoides nitidus. 
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Clear Lake, USNM 507724; 
County, West Lake Okoboji, 
525186. 

Nebraska: 
USNM 506141. 

Utah: Morgan County, 3 miles east 
of Morgan, ОММ Z 167030; Cache County, 
Logan, Blacksmith Fork of Bear River, 
UMMZ 167029. 

Washington: King County, Seattle; 
Pilsbry, 1948: 477. 

Oregon: Clatsop County, Astoria; 
Pilsbry, 1948: 477. 

California: Alameda County, Berke- 
ley; Los Angeles County, San Diego 
County, San Diego; all in Pilsbry, 
1948: 477. 

The few and scattered west coast 
records probably represent relatively 
recent introductions (Pilsbry, 1948). 

Ecology. “InIllinois Zonitoides nitidus 
lives in decaying logs and under forest 
debris on floodplains of streams. It 
shows a preference for muddy places. 
Trees usually characteristic of its 
habitat are elm, maple or hickory” 
(Baker, 1939: 79). Goodrich (1932: 32) 
states that 7. nitidus “lives in fairly 
large colonies close to the water’s edge 
of creeks, lakes and marshes.” 

Material. Mount Scott local fauna, 
locality UM-K4-53, 213789 (89); locality 
UM-K2-59, 213786 (13). 

Remarks. 7. nitidus may be distin- 
guished from Z. arboreus by the more 
rounded base of its aperture and body 
whorl; its greater diameter and height 
of shell for any given number of whorls; 
and the relatively greater width of its 
umbilicus in relation to the total shell 
diameter. 

In North America, Z. nitidus is rare 
as a fossil. To my knowledge, one lot 
(U. S. Geological Survey Cenozoic local- 
ity 22414) from Weber County, Utah, 
represents the only other fossil occur- 
rence of this species from west of the 
Mississippi River. The scarcity of this 
species as a fossil makes it highly pro- 
bable that its occurrence at 2 localities 
in the Mount Scott local fauna were 
essentially contemporaneous. 


Dickinson 
USNM 


Cuming County, Beemer, 


Superfamily Polygyroidea 
Family Polygyridae 


Stenotrema leai (Binney) 


Geologic Range. Middle Pleistocene 
(Kansan, Cudahy fauna) to Recent. 

Distribution. New York southto Mary- 
land, west to Kansas; Nebraska and 
South Dakota (Pilsbry, 1940: 678). 

Ecology. Stenotrema leai prefers 
moist wooded areas. Baker (1939: 60) 
states that it is found “... in lowlands, 
usually on the floodplains of rivers and 
creeks or the margins of lakes, in wood- 
lands of oak, hickory, elm and willow.” 
Taylor (1960) has reported it from the 
floodplain of the Niobrara River in 
Cherry County, Nebraska, were it was 
collected from beneath scattered, moist, 
debris. I have collected it from a 
Similar habitat on the floodplain of the 
Republican river, south of Franklin, 
Nebraska. 

Material. Berends local fauna, 208804 
(73). Doby Springs local fauna, locality 
4, 213837 (1); locality 5, 213782 (1). 
Mount Scott local fauna, locality UM-K1- 
60, 213704 (2); locality UM-K2-59, 
213694 (32). 

Remarks. One lot of S. leai (s.s.) 
(UMMZ 206549) collected from the flood- 
plain of the Republican River, south of 
Franklin, Nebraska, represents the 
closest confirmed record of this species 
to the Meade County area. 
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RESUMEN 


CINCO MALACOFAUNAS DE EDAD ILLINOIANA 
DE LAS GRANDES LLANURAS SURENAS 


B. G. Miller 


Se enumeran los moluscos de cinco conjuntos del Cenozoico superior (Illinoian) en 
el sudoeste de Kansas- noroeste de Oklahoma: la fauna local de Berends, de Beaver 
County, Oklahoma; la fauna local de Doby Springs, Harper Co., Oklahoma; y las 
faunas locales de Adams, Butler Springs y Mount Scott, de Meade Co., Kansas. 

Un sumario informativo sobre la distribuciön geolögica, geogräfica y ecolögica 
se da para todos los moluscos de Mount Scott y Doby Springs, y para las especies 
previamente sefialadas de los Berends, Adams y Butler Springs. 

Cambios taxonömicos incluyen la asignaciön de Promenetus exacuous y Promenetus 
kansasensis a un único complejo específico. No existe manera satisfactoria para 
separar esas dos “especies” en poblaciones recientes y fósiles que contienen individuos 
con ambos tipos de ornamentación superficial, costulados y no costulados. El tipo 
costulado es designado P. exacuous form kansasensis y el liso P. exacuous forma 
exacuous. 

En la interpretación de estos conjuntos se asume que los factores climaticos son 
los agentes primarios que controlan la distribución de los moluscos no-marinos; 
que ejemplares fósiles similares a los vivientes representan la misma especie y 
estuvieron sujetas a los mismos factores limitadores; y que los áreas de las Grandes 
Llanuras del presente, conteniendo asociaciones de moluscos más similares a 
aquellas de los conjuntos fósiles, simulan probablemente condiciones climaticas en 
que esas faunas vivieron. Reconstrucción de habitat local y condiciones climaticas 
de las mismas, has sido basadas sobre una síntesis de la información obtenida de los 
moluscos fósiles, polen y vertebrados, y en ningún caso estas interpretaciones basadas 
en moluscos han contradicho conclusiones alcanzadas independientemente por datos de 
otros fósiles. 

Los cinco conjuntos Illinoianos muestran discrepancias de composición que se 
relacionan probablemente con los cambios climaticos durante aquella época. El 
número relativamente grande de especies con distribución predominante en el norte, 
junto con la poca representación de elementos faunisticos exclusivamente sureños, 
indican que la fauna local de Doby Springs representa el conjunto de clima más frío 
estudiado y probablemente vivió durante el máximo de la glaciación de Illinois. La 
fauna de Mount Scott contiene un número mayor de especies de distribución en el 
sur, sugiriendo que es la fauna de clima más cálido en esa época. No hay evidencia de 
que esas faunas locales vivieran durante más de una unidad de tiempo (substage). 
Asumiendo que la transición desde condiciones glaciales máximas, representada por 
la fauna local de Doby Springs, hacia condiciones interglaciales más calidas, repre- 
sentada por la fauna de Mount Scott, fue unidireccional, entonces las condiciones 
climaticas implicadas por los conjuntos de Adams y Butler Springs, deben haber 
ocurrido en algun momento entre el tiempo representado por las faunas de Doby 
Springs y Mount Scott. Las primeras y últimas apariciones de especies de moluscos, 
y las implicaciones climaticas de la fauna local de Berends, sugiere que este conjunto 
es probablemente el más antiguo de los cinco niveles del Illinoian. 

El conjunto de Berends contiene 45 especies de moluscos, 15 de los cuales son 
nuevos para esta fauna local. Sphaerium securis representa el primer fósil de esta 
especie para las Llanuras del Sur. Esta fauna vivió en, y alrededor, de un pequefio 
y poco profundo lago, donde la vegetación marginal consistía probablemente de co- 
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niferas, gramíneas y compuestas, con sólo algunas manchas de árboles de hoja 
caduca. El clima en ese tiempo era probablemente similar al del presente en el 
norte de Nebraska y noroeste de lowa de las Grandes Llanuras. 

La fauna local de Doby Springs contiene 59 especies y una de ellas, ' Vertigo elatior, 
se registra por primera vez como fósil de las Llanuras. Los moluscos indican la 
existencia de un lago frío bordeado por pantanos con totora, juncos, coníferas y otros 
árboles dispersos, que engranaban con una zona de mejor desague conteniendo arbustos 
y árboles a distancia del lago. El clima local combinaba veranos más cortos y más 
fríos, con inviernos que eran generalmente más fríos y largos que los ocurren en las 
condiciones presentes de la región. 

El conjunto de Adams contiene 22 especies, con Lasmigona complanata que se 
registra pro primera vez en el área. Las areniscas cruzadas de grano grueso y 
mediano, donde estos fósiles se obtuvieron, junto con la presencia de especies que 
requieren un habitat acuatico contínuo, indican un cuerpo de agua corriente. Una 
sola especie de molusco terrestre de habitat boscoso, señala que sólo existía una 
cubierta delgada de árboles y arbustos. El clima probablemente combinaba inviernos 
quizá no más severos que los actuales en noreste Nebraska, con veranos más húmedos 
y fríos, similar a aquellos de las Dakotas y oeste de Montana. 

Hay 54 especies de moluscos en la fauna local de Butler Springs, y entre ellas 
Ligumia cf recta es nueva para las Grandes Llanuras del Sur. Esta fauna vivió en, 
o cerca, de un río de tamaño mediano, de corriente moderada y probablemente con 
varios piés de profundidad. Habia grupos esparcidos de árboles a lo largo del río, 
pero la vegetación predominante consistía de gramíneas y arbustos. El clima contaba 
con veranos más fríos, similares a los de hoy en el oeste de N. Dakota. Los inviernos 
eran probablemente no más severos que aquellos de los Nebraska norcentral. 

La malacofauna de Mount Scott contiene 63 especies y es el conjunto más grande 
conocido para las Llanuras del Sur. Contiene el único fósil de Zonitoides nitidus en 
las Grandes Llanuras. Evidencia paleontológica y estratigráficaindica que hay repre- 
sentadas cinco asociones mayores. El clima de aquel tiempo probablemente combinaba 
veranos similares a los que ocurren en el Lago Okoboji del noroeste de lowa, con 
inviernos no más severos que en el noreste de Kansas y sureste de Nebraska. 


ABCTPAKT 


ПЯТЬ ФАУН МОЛЛЮСКОВ ИЛЛИНОЙССКОГО ВРЕМЕНИ 
ИЗ ЮЖНОЙ ЧАСТИ ВЕЛИКИХ РАВНИН 


Б. Миллер 


Описываются локальные фауны моллюсков из пяти комплексов Ил 
линойсского возраста из районов северо-западной Оклахомы-Берендс Бивер 
Каунти и Доби Спрингс, Харпер Каунти, а также из юго-западного Канзаса: 
Адамс, Ботлер Спринг и Маунт Скотт, Мид Каунти. 

Для локальных MayH из Маунт Скотт и Доби Спрингс приводятся списки 
моллюсков. Описываются неопубликованные ранее данные по локальным VayHam 
моллюсков из Берендс, Ботлер Спринг и Адамса. Для каждого вида 
приводятся сводные данные: геологический возраст и общее распространение, 
экология, а также необходимые сведения по изменениям их систематики. 

Интерпретация этих комплексов моллюсков основывается на том, что 
климатический фактор является главным моментом, контролирующим 
распространение не-морских моллюсков; что ископаемые раковины, сходные с 
ныне-живущими, представляют собой те же самые виды и подчиняются влиянию 
тех же лимитирующих факторов, и что районы Великих Равнин, содержащие в 
настоящее время ассоциации моллюсков, наиболее сходные с теми, которые 
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были найдены здесь в ископаемом состоянии, вероятно очень близки по 
климатическим условиям к тем, которые существовали здесь тогда, когда 
здесь жили эти ископаемые формы. Реконструкция локальных условий 
обитания и климатических показателей, при которых эти фауны существовали, 
были основаны на сводных данных по ископаемым моллюскам, пыльцевому 
анализу и по позвоночным животным. Ни в одном случае интерпретация 
условий, основанная на анализе Фауны моллюсков не расходилась с 
полученными независимо от них данными по другим ископаемым формам. 

Все 5 комплексов рассматриваемые В настоящей работе, 
имеют различия в своем составе, вероятно связанные с изменениями климата 
втечение Иллинойсского периода. Относительно большое количество южных 
видов с преимущественно северным распространением и, вместе с тем малое 
количество представителей исключительно южных элементов фауны, указывает 
на то, что локальная фауна Доби Спрингс представляет собой наиболее 
холодолюбивое из всех исследованных сообществ и, возможно обитало здесь 
во время максимального Иллинойсского оледенения. Поскольку локальная 
фауна Маунт Скотт имеет в своем составе большее количество видов с юж- 
ным распространением, чем любая другая из изученных QayH, можно думать, 
что она представляет собой наиболее теплолюбивую из рассматриваемых фаун 
Иллинойсского времени. 

Принимая, что изменения климата между периодами обитания обеих QayH 
шли в одном направлении, то, ввиде опыта, была предложена хронология 
существования остальных фаун, исходя из их отношения к климатическим 
условиям: Фауна Берендс, видимо является наиболее древней, за ней 
следуют локальные фауны--Доби Спрингс, Адамс, Ботлер Спрингс и Маунт 
Скотт. 

В Фауне Берендс имеется 43 вида моллюсков, 15 из которых являются 
новыми для этой локальной фауны. Один вид--5рйаетит securis, найден в 
ископаемом состоянии в южной части Равнин впервые. Локальная Фауна 
Берендс обитала в неболыьшм мелком озере иу его берегов; растительный 
покров состоял здесь, главным образом из хвойных деревьев, трав и 
сложноцветных растений, с редкими группами лиственных деревьев. Климат 
того времени, когда здесь обитала указанная фауна, был вероятно сходен 
с современным, существующим теперь в районе Великих Равнин (северо- 
восточной Небраски--северо-западной Айовы). 

Локальная Фауна Доби Спрингс имеет 57 видов моллюсков, 2 из которых 
( Vertigo elatior и Сутащиз deflectus ) отмечены в ископаемом состоянии в южной 
части Великих Равнин впервые. Состав фауны моллюсков указывает на 
существование холодного проточного озера, окаймленного болотом с 
растительностью из рогоза, осоки и с редкими лиственными и хвойными 
деревьями; в лучше-дренированных местах и дальше от озера она постепенно 
сменяется сообществами кустарников и деревьев. 

Можно думать, что прежний локальный климат характеризовался более 
коротким и более холодным летом, зимы были также несколько холоднее и 
длиннее, чем те, что наблюдаются теперь в этом районе. 

В локальной фауне Адамс имеется 21 вид, из инх Lasmigona complanata 
отмечен в ископаемом состоянии в этом районе впервые. Наличие 
перекрестно-залегающих песков различной зернистости (от средних до 
крупных), в которых была найдена эта фауна, а также встреченные здесь 
виды моллюсков, связанные с постоянноводным образом жизни, указывает на 
существование здесь текучих вод. Наличие лишь одного лесного вида среди 
наземных бр гохоногих предполагает наличие лишь тонкого древесного покрова 
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и кустарников. Климат вероятно характеризовался He более суровыми 
зимами, чем те, которые существуют в настоящее время в северо-восточной 
Небраске, Т.е. с более холодным и более влажным летом, сходным с теми, 
которые характерны для Дакоты и восточной Монтаны. 

В локальной фауне Ботлер Спринг имеется 51 вид моллюсков, один из 
KOTOpbIX--Ligumia cf. L. recta является новым для южной части Великих Равнин. 
Эта фауна обитала в реке среднего размера или близ нее; река имела, 
медленное или умеренно-быстрое течение, и, возможно, глубину в несколько 
футов. Вдоль ее берегов были редкие группы деревьев, но преобладающей 
растительностью были травы и кустарники. Климат, судя по составу 
моллюсков, характеризовался более холодным летом, сходным с тем, которое 
в настоящее время существует в восточном районе Северной Дакоты. Зимы, 
возможно были не более холодные, чем сейчас в центральной части северной 
Небраски. 

В фауне моллюсков Маунт Скотт имеется 61 вид, т.е. это самый 
крупный комплекс из всех, известных для южной части Равнин. 

Единственная находка в ископаемом состояии Zonitoides nitidus, известная для 
Великих Равнин, отмечена в этой фауне. Судя по осадкам и 
палеонтологическим данным, здесь существовало 5 крупных местообитаний 
ассоцаций моллюсков: озеро или постоянный пруд; небольшой постоянный 
ручей; временный водоем; болотно-лесное сообщество в пойме ручья, где 
имелись группы высоких трав, осок, а также кустарники и редкие группы 
деревьев; более дренированные и более высокие места, покрытые некоторыми 
деревьями, травянистыми сложноцветными растениями и травами. Климат в 
это время вероятно имел лето, сходное с тем, которое в настоящее время 
существует в районе озера Окободжи, северо-западная Айова, а зимы были-- 
не более суровы, чем теперь в районе северо-восточного Канзаса--юго- 
восточной Небраски. 
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A NEW PLEISTOCENE FAUNA AND A NEW SPECIES OF BIOMPHALARIA 
(BASOMMATOPHORA: PLANORBIDAE) 
FROM SOUTHWESTERN KANSAS, U.S. A. 
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and 
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ABSTRACT 


A new Pleistocene assemblage, the Spring Creek local fauna, is reported from 
the Aftonian of southwestern Kansas. The fauna contains 16 species of gastro- 
pods, including Biomphalaria kansasensis Berry, sp. n. The habitats, inferred 
from the molluscan assemblage consist of temporary pools which were probably 
surrounded by high grass and some scattered shrubs and trees. The climate at 
the time the fauna lived was probably semiarid, combining summers that were 
less hot with winters that were considerably warmer than those of the present. 
The average annual precipitation inthis area was similar to the present in terms 
of seasonal distribution and amount. However, the higher evapotranspiration 
rates during the warmer winter months would tend to produce a drier climate. 


In August, 1961, while mapping late 
Cenozoic deposits in central Meade 
County, southwestern Kansas, the junior 
author discovered a shell zone dissemin- 
ated throughout a buff colored silty clay 
exposed along the face of a 14 ft high 
bluff about 12 ft above the floor of a tribu- 
tary to Spring Creek (Figs. 1 & 2). The 
fossiliferous layer couldbe traced later- 
ally for a distance of about 60ft; a second 
exposure of this zone outcrops near the 
bed of the same draw about 1/4 mile 
upstream. A sample of about 5 pounds 
of fossil-bearing matrix was collected at 
the first locality and yielded a large 
number of Biomphalaria shells, a genus 





lContribution number 4 from the Department of Geology, Kent State University, 


hitherto not reported fromthe Pleisto- 
cene of the southern Plains. The climatic 
significance of this tropical to sub- 
tropical genus prompted further col- 
lecting from this locality during the 1963 
field season. A University of Michigan 
Museum of Paleontology field party, 
under the direction of Dr. Claude W. 
Hibbard, removed an additional 2 tons of 
matrix. The fossil mollusks recovered 
from these collections form the basis for 
the present report. 

In this paper E. G. Berry has described 
the new species, Biomphalaria kansas - 
ensis, and the junior author has com- 
piled the faunal list and discussed the 


Kent, Ohio. 
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Map of portion of NW 1/4 sec 14, showing location of Spring Creek local fauna (UM-K1-63). 
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A-A” mark the limits of diagrmatic cross-section shown in Fig. 2. 
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FIG. 2. Diagramtic cross-section along tributary of Spring Creek, showing location of Spring 
Creek local fauna (UM-K1-63). A hole augered in floor of draw penetrated 15 1/3 ft of 
Missler Silt before reaching the Angell Sand member of the Ballard Formation. The 
Ballard Formation at this locality apparently fills a channel cut into the late Pliocene 


Rexroad Formation. 
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climatic and stratigraphic implications. 


SPRING CREEK LOCAL FAUNA 


The name Spring Creek local fauna is 
proposed here for the fossil mollusks 
and associated vertebrates collected 
from University of Michigan Museum of 
Paleontology locality UM-K1-63, located 
1000 ft east and 1925 ft south of the 
northwest corner of the S 1/2 NW 1/4 
of section 14, T 32 S, R 29 W, Meade 
County, Kansas’. The stratigraphic 
occurrence of the fauna in the Missler 
Silt Member of the Ballard Formation 
places the age between Nebraskan and 
Aftonian. The preponderance of in- 
dividuals belonging to Biomphalaria, 
a genus that now reaches no further 
north in North America than the southern 
extremities of the United States, together 
with the absence of any truly northern 
elements suggests that the fauna is inter- 
glacial rather than glacial. The Spring 
Creek local fauna is therefore considered 
Aftonian in age. 

Assignment of a new local fauna name 
to this assemblage seems preferable at 
this time because of the uncertainties 
involved in establishing its relationship 
to that of the 2 other Aftonian faunas 
reported from the Meade County area, the 
Deer Park and Sanders local faunas 
(Taylor, 1960). None of the significant 
mollusks or vertebrates which are the 
basis for correlation of these 2 local 
faunas are present in the Spring Creek 
local fauna. However, the habitat re- 
quirements and distribution patterns of 
the mollusks of the Spring Creek local 
fauna imply a semiarid climate. This 


3Land in the United States is commonly divided 
into “townships”, each 6 miles square, that 
are numbered according to tier (T) and range 
(R) from standard base lines and meridians. 
A township is divided into 36 “sections”, each 
section (sec.) 1 mile square. Each section 
may be further subdivided. ED. 


type of climate seems most likely to 
have occurred between the early and 
middle interglacial intervals inthe hypo- 
thetical sequence of cyclical glacial- 
interglacial climatic changes suggested 
by Taylor (1960: 10) for the southwestern 
Kansas-northwestern Oklahoma area. 
The climatic conditions inferred for the 
Spring Creek local fauna probably oc- 
curred during the interval between the 
time represented by the Deer Park and 
Sanders local faunas (Taylor, 1960: Fig. 
1): 

Fauna. In the following faunal list 
the University of Michigan Museum of 
Zoology catalog number and the number 
of specimens (in parenthesis) is listed 
after each species name. 





Class Gastropoda 
Order Basommatophora 
Stagnicola cockerelli 
Ferriss) 228800 (4) 
Helisoma trivolvis (Say) 216198 
(180) 
Biomphalaria kansasensis Berry, 
sp. n. Holotype 220142; Para- 
types 220143 (10); 216187 (4706) 
Order Stylommatophora 
Gastrocopta armifera (Say) 216193 
(120) 
G. cristata (Pilsbry & Vanatta) 
216190 (295) 
G. holzingeri (Sterki) 216201 (2) 
G. procera (Gould) 216195 (66) 
G. tappaniana (Adams) 216200 (2) 
Pupoides albilabris (Adams) 216196 
(72) 
Vallonia gracilicosta 
216189 (63) 
V. parvula Sterki 216197 (32) 
cf Succinea 216188 (36) 
Helicodiscus parallelus (Say) 216191 
(1) 
H. singleyanus (Pilsbry) 216192 (2) 
Deroceras aenigma Leonard 216199 
(9) 
Hawaiia minuscula (Binney) 216194 
(29) 
Class Mammalia 
Order Rodentia 
Reithrodontomys sp. 


(Pilsbry & 


Reinhardt 
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Paleoecology. Habitat: The presence 
of seasonal ponds that were subjected 
to periodic drying is indicated by the 
relative scarcity of aquatic species, and 
the development of rest varices on nearly 
all of the shells of Biomphalaria kan- 
sasensis. The terrestrial species ofthe 
fauna are mostly forms that are tolerant 
of drier conditions (Gastrocopta armi- 
fera, G. cristata, G. procera, Vallonia 
gracilicosta, V. parvula, Helicodiscus 
singleyanus and Нашайа minuscula). 
None ofthe remainingterrestrial species 
require an exclusively woodland habitat. 
The general environment inferred from 
the mollusks is one of temporary pools 
that were probably bordered by high 
grass and scattered shrubs and trees. 

Climate: Eleven of the 16 species 
of mollusks in the Spring Creek local 
fauna are now living in the Meade County 
area. Two species, Deroceras aenigma 
and Biomphalaria kansasensis, are 
extinct. The succineid shells cannot be 
identified to species. The remaining 2 
allochthonous species, Gastrocopta hol- 
zingeri and Vallonia gracilicosta, now 
occur as far south in the High Plains as 
Comanche County, Kansas (Leonard, 
1959) and Brown County, Nebraska (Tay- 
lor, 1960). The southern and western 
limits of distribution of these species in 
the southern Plains are believed to be 
controlled by available moisture, soil, 
frequency of droughts and summer 
extremes of temperature (Taylor, 
1960: 6). Their presence in the fauna 
suggests that the average summer 
temperatures in this area at the time 
the Spring Creek local fauna lived were 
slightly cooler than those of today. The 
large numbers of Biomphalaria kansas- 
ensis in the fauna imply winter temper- 
atures that were considerably warmer 
than those now occurring in south- 
western Kansas. No member of the 
genus Biomphalaria is now known to 
occur any further north in continental 
United States than southern Texas, 
Louisiana and Florida. Therefore, it 
is inferred that winter temperatures in 
Meade County during the time repre- 


sented by the Spring Creek local fauna 
rarely dropped below freezing. 

Further, the temporary nature of the 
water bodies suggested by the aquatic 
mollusks and the xeric character of most 
of the terrestrial species imply a semi- 
arid climate. The average annual pre- 
cipitation, however, need not have been 
any less than 20-30" annually, the present 
rate for the Meade County area (Visher, 
1954). Higher evapotranspiration rates 
during the warmer winter months would 
increase the total annual deficit between 
precipitation and evaporation and result 
in a drier climate. 


DESCRIPTION OF A NEW 
BIOMPHALARIA 


Class GASTROPODA 
Order BASOMMATOPHORA 
Family PLANORBIDAE 

Subfamily Biomphalariinae 
Genus Biomphalaria Preston, 1910 


Opinion 735 of the International Com- 
mission on Zoological Nomenclature 
ruled that Biomphalaria has precedence 
over other generic names applied tothis 
taxonomic genus. In the more familiar 
classification by Baker (1945), Biom- 
phalaria kansasensis would be a species 
of Tropicorbis. 

Species of Biomphalaria are found only 
in tropcial and subtropical regions. In 
the United States they are known from 
Florida, Louisiana and southern Texas. 
A few have been collected from the late 
Pleistocene, but occurring only within 
this southern range. The only late 
Tertiary record of species belonging to 
this genus in the United States is B. 
goodrichi (Leonard & Franzen, 1944) 
collected from the early Pliocene 
Laverne local fauna of Oklahoma. This 
species, although described as Helisoma, 
is clearly a Biomphalaria and marked 
the most northern limit of the genus in 
the United States prior to the new species 
herein described. 
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FIGS. 3-5. Biomphalaria kansasensis Berry sp. n. Right side, apertural view and left side, 
holotype, UMMZ 220142, X20. 
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Biomphalaria kansasensis* Berry sp. п. 
Figs. 3-5 


Diagnosis. Shell small for the genus, 
about 4.5 x 1.9 mm with 4 1/4 whorls 
in adults. Whorls slowly increasing in 
size, periphery broadly rounded. Spire- 
pit (on left side of shell, see Fig. 5) 
deeply sunken and about as wide as the 
penultimate whorl; whorls subangular. 
Umbilicus (on right side of shell, see 
Fig. 3) shallow and broadly concave. 
Oblique striae develop into regularly 
spaced riblets on the last part of the 
body whorl. 

Type. UMMZ 220142. Spring Creek 
local fauna, early Pleistocene, Ballard 
Formation, Meade County, Kansas; 1000 
ft east, 1925 ft south of the northwest 
corner of sec. 14, T 32S, R29 W. C.W. 
Hibbard and a University of Michigan 
Museum of Paleontology field party col- 
lected the type during the summer of 
1963. Ten paratypes are catalogued as 
UMMZ 220143. 

Description. Shell sinistral, small, 
seldom with more than 4 1/4 whorls. 
The average greatest diameter is slightly 
more than 4.5 mm andthe average height 
is 1.9 mm. The whorls are tightly 
coiled and increase in size very grad- 
ually. On the left side the spire is 
deeply sunken (Fig. 5); the protoconch, 
comprised of from 1 to 1 1/4 whorls is 
satin-like and free of sculpture or orna- 
mentation, e.g., punctation or growth 
lines. The postnuclear whorls are 
strongly convex and overlap the pre- 
ceding whorl, thereby obscuring 1/2 or 
more of the whorl. On the right side 
the umbilicus is broader than the spire, 
the whorls are less convex and the 
overlapping not as pronounced. The 
aperture is lunate and not deflected, its 
left side being rounded and its right 
side nearly straight. Apertural lamellae 
have not been observed in any of the 
Specimens examined. The shell is 
irregularly sculptured with oblique 
striae which are more or less regularly 
Spaced becoming sharply defined riblets 


4Named for the State of Kansas. 


on the last portion of the body whorl. 

Holotype: Whorls 4 1/4; greatest 
diameter 4.7 mm; lesser diameter 4.2 
mm; height 1.9 mm. 

The mean measurements of 10 adult 
specimens are as follows: Whorls4 1/4; 
greatest diameter 4.5 mm; lesser diam- 
eter 3.9 mm; height 1.9 mm. 

Discussion. This species is closely 
related to Biomphalaria goodrichi 
(Leonard & Franzen). It differs in 
having a smaller nuclear whorl, the spire 
more deeply sunken, the whorls in- 
creasing more slowly in size, thereby 
producing a shell with more whorls but 
of the same diameter. The aperture is 
not as high or vaulted as in B. goodrichi 
and the oblique striae not as pronounced. 

Nearly all of the specimens examined 
were found to have 2 variceal lines, the 
first one occurring when the shell had 
developed from 2-2 1/2 whorls and the 
second when the shell had reached 3-3 3/4 
whorls. The oblique striae are particu- 
larly pronounced prior to the formation 
of the variceal line. The shell which is 
formed after the varix, however, lacks 
the sculpture. It is probable, therefore 
that the costae which are a striking 
feature in this species may be an eco- 
phenotypic character. The presence of 2 
varices would indicate that the species 
was living in shallow water which evapo- 
rated at least twice during the short life 
span of this species. 
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RESUMEN 


UNA NUEVA FAUNA PLEISTOCENICA Y UNA NUEVA ESPECIE DE 
BIOMPHALARIA (BASOMMATOPHORA: PLANORBIDAE) 
DEL SUROESTE DE KANSAS, U. S. A. 


E. G. Berry and B. B. Miller 


Un nuevo conjunto pleistocenico, la fauna local de Spring Creek, se registra para 
el Aftoniano del suroeste de Kansas. La fauna contiene 16 especies de gaströpodos, 
incluyendo Biomphalaria kansasensis Berry sp. n. Los habitats inferidos por los 
moluscos consisten de charcos temporarios, los que probablemente estaban bordeados 
por altos pastos y algunos arbustos y árboles esparcidos. El clima en suroeste 
Kansas en el tiempo en que esta fauna vivía era probablemente semiárido, combinando 
veranos que eran menos cálidos, con inviernos considerablemente más calientes que 
los del presente. EI promedio anual de precipitación durante este intervalo era 
similar al presente en términos de cantidad y distribución estacional. Sin embargo, 
el grado más alto de evapotranspiración durante los meses de invierno más cálido, 
debió tener tendencia a producir un clima más seco. 


ABCTPAKT 


НОВАЯ ПЛЕЙСТОЦЕНОВАЯ ФАУНА И НОВЫЙ ВИД РОДА BIOMPHALARIA 
(BASOMMATOPHORA: PLANORBIDAE) ИК ЮЖНОГО КАНЗАСА 


Е. Г. Берри и В. В. Миллер 


В югозападном Канзасе найдена плейстоценовая Фауна, сходная с 
существующей местной и Спринг Крик, Афтонского (раннего межледникового) 
времени. Коллекция состоит из 16 видов брюхоногих моллюсков, включая 
сюда и новый вид Biomphalaria kansasensis Berry. Судя по характеру 
моллюсков, можно предположить, что эта фауна возникла во временных 
прудках, окруженных высокой травой, кустарником и деревцами. Климат 
этой фауны в югозападном Канзасе, вероятно, был полузасушливым, с зимами 
теплее и летом не так жарким, как в настоящее время. Средняя годовая 
осадочность в то время была, как и в настоящее время, в смысле 
количественном и сезонного распределения. Хотя интенсивное высыхание 
в более теплые зимние месяцы, в результате создают более сухой климат. 
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ON THE BRAZILIAN SPECIES IN THE ACMAEA SUBRUGOSA COMPLEX 
(GASTROPODA: PROSOBRANCHIA: PATELLACEA) 


Gilberto Righi 


Departamento de Zoologia 
Faculdade de Filosofia, Ciéncias e Letras 
Universidade de Säo Paulo 
Caixa Postal 8105, Sdo Paulo, Brazil 


ABSTRACT 


The marine limpets Acmaea subrugosa d’Orbigny, 1841, A. noronhensis E. 
A. Smith, 1890, and A. marcusi sp. n., are described. The first is recorded 
from the mainland coast of Brazil, from Alagoas to Rio Grande do Sul, and 
from Uruguay, the second from the Island of Fernando de Noronha and the 


third from the Island of Trindade. 


They cannot consistently be distinguished 


by their shells. However, there are differences in mandible (Figs. 9-11), radu- 
la (Figs. 12-14), course of the intestine (Figs. 15-17) and some peripheral 


nerves. 


In this paper the known Brazilian 
species of the genus Acmaea Esch- 


scholtz, 1833 are described compara- 
tively: A. subrugosa d'Orbigny, 1841 
(р 140), А. noronhensis Е. A. Smith, 


1890 (р 495) and А. marcusi sp. п. 
Caribbean species occurring sporadi- 
cally in Brazil are excluded. 

А. subrugosa is widely distributed on 
the Brazilian coast, from Alagoas (in- 
formation kindly sent by Dr. Eliezer 
Rios, Museu Oceanografico do Rio 
Grande, Rio Grande do Sul) south to Rio 
Grande do Sul, and occurs also in Uru- 
guay (Barattini, 1951: 191). In ‘the 
literature, A. subrugosa, has been identi- 
fied only by shell characters. The lim- 
pets on the coast of Sáo Paulo (Ubatuba- 
Peroibe) are all A. subrugosa, and I 
have studied its soft anatomy. A. noron- 
hensis is restricted to the Island of 
Fernando de Noronha (30 40’ $, 
320 25’ W), and A. marcusi to the Is- 
land of Trindade (20° 30’ S, 29° 22’ w). 

I have studied 30 specimens of A. 
subrugosa, all from the coast of Sáo 
Paulo. Thanks to Prof. Hugo de Souza 
Lopes (Instituto Oswaldo Cruz, Rio de 
Janeiro), who kindly sent me 10 speci- 
mens from Fernando de Noronha (Souza 


Lopes € Alvarenga, 1955: 161-162), I 
could also study the anatomy of A. 
novonhensis. And thanks to Dr. Arnaldo 
C. dos Santos Coelho (Museu Nacional, 
Rio de Janeiro), I received 32 limpets 
of the new species collected by Mr. J. 
Becker. Of these, I have studied 9 
anatomically. I am indebted to Dr. 
Paulo Vanzolini and Lic. José Luiz 
Moreira Leme for permission to photo- 
graph shells of А. noronhensis in the 
collection of the Departamento de Zoolo- 
gia, Secretaria da Agricultura do Estado 
de Sao Paulo, and to Profs. Drs. Eveline 
and Ernst Marcus for advice. 


SOME ECOLOGICAL DATA ON 
ACMAEA SUBRUGOSA 


This eurytopic species lives in the in- 
termediate and high intertidal areas. 
It inhabits rocks, especially sides shel- 
tered against large waves, feeding on 
microscopic algae. It is mainly ac- 
companied by barnacles (Tetraclita), 
the prosobranchs Fissurella and Dio- 
dora, and the pulmonate Siphonaria his- 
pida. Littorinidae live among Acmaea 
and farther above. Gofferjé (1950: 230) 
found A. subrugosa on Mytilus, Ostrea 


(269) 
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FIGS. 1-6. Shells of Acmaea: 1, 2, A. noronhensis; 3, 4, A. subrugosa; 5, 6, A. marcusi. 
Each scale line is 2 mm long. 
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and Thais. Its movements are slight 
and slow, usually in irregular paths. 
It rarely moves in circles and comes 
back to its original place. Other spe- 
cies of Acmaea have a pronounced homing 
instinct (Villee & Groody, 1940: 201; 
Hewatt, 1940: 206). When disturbed, 
А. subrugosa adheres firmly to the 
substrate. 


MORPHOLOGICAL OBSERVATIONS 


The following description applies to 
all 3 Brazilian species. When a given 
characteristic is not shared by them 
it is explicitly referred to the respec- 
tive species. 


The shell (Figs. 1-6) 


The shell is solid, patelliform in 
the 3 species, broader behind than in 
front and more produced at the ends. 
Only the ends touch the substrate, and 
circulation of water or air is possible 
through the cleft on each side between 
the rock and the lateral margin. The 
apex is directed forward (rather upward 
in young specimens). The average di- 
mensions of full-grown specimens are 
as follow (length, greatest breadth and 
height, respectively): A. subrugosa (30 
Shells): 20 mm, 16.7 mm, 7.5 mm; 
А. noronhensis (20 shells): 16.5 mm, 
13 mm, 6 mm; A. marcusi (9 shells): 
18.5 mm,15 mm, 7.3 mm. A. marcusi 
is intermediate in size between the other 
two. Young specimens of A. subrugosa 
are proportionally higher because shells 
over 5-6 mm in length grow more in 
length and breadth than in height. The 
apical periostracum is usually intact 
in A. subrugosa and A. noronhensis, 
and eroded in A. marcusi. 

The margin is oval in outline, smooth 
or slightly crenulate in A. subrugosa. 
There are inconspicuous axial ribs in 
A. subrugosa crossed by thin growth 
lines, and high narrow radial striae 
in A. noronhensis and A. marcus? (fain- 
ter in the latter). 

The shell of A. subrugosa has irregu- 
larly disposed radial white and dark 


bands, the dark bands sometimes bi- 
furcating near the periphery; some spe- 
cimens show a broad axial dark band 
in front and a still broader one behind. 
More frequently, these bands are found 
only on the inner surface inthe 3 species. 

The shell of A. noronhensis is darker 
than that of А. subrugosa, has more 
Slender and higher radial striae, and 
has a dark inner margin, as already 
noted by Smith (1890). 

In A. marcusi the general external 
color is light brown, sometimes with 
white axial bands. As in А. subrugosa, 
there is a zone of radial dark brown 
bands along theinner margin, sometimes 
so numerous that they form a dark, 
almost continuous band as in A. noron- 
hensis. 

According to Souza Lopes & Alvarenga 
(1955: 162), the shell of A. noronhensis 
has a dark, sometimes almost black sur- 
face, contrasting with white radial bands 
which end at the margin or do not attain 
it, and also shows high thin, very dis- 
tinctly black radial striae. Bothcharac- 
ters occur in A. marcusi and A. sub- 
rugosa too, less frequently in the latter. 

The scar of the columellar muscle is 
light to dark brown in A. subrugosa, 
and looks like a horseshoe opening for- 
ward, with the extremities joined by a 
narrower band resulting from the in- 
sertion of mantle muscles. The scar 
Surrounds a surface that is generally 
leaden, sometimes either rather blackish 
or white. A dark brown band runs sub- 
terminally along the inner margin, and 
sends out peripheral rays of its own 
color. The area between the band and 
the scar of the columellar muscle is 
whitish, contrasting with the dim inner 
area. The reverse, however, may occur, 
or both areas may show the same hue, 
cream white to leaden. Such varia- 
bility renders it difficult to separate 
A. subrugosa from the other 2 by these 
characters. 

The columellar impression is nac- 
reous and little perceptible in A. noron- 
hensis, and is accompanied inwardly by 
a large band which encircles a usually 
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FIGS. 7, 8. Head region of Acmaea subrugosa: 7, Ventral anterior view during radular scra- 
ping; 8, cross-section. 
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LIST OF ABBREVIATIONS 


АВ - afferent branchial vessel 
AC - abfrontal cilia 

AFS - afferent sinus 

AL - anterior labial nerve 

AP - anterior pedal nerve 

BG - buccal ganglion 

BN - branchial nerve 

CA - anterior cartilage 

CC - cerebral commissure 
CG - cerebral ganglion 

CIN - circumpallial nerve 

CIS - circumpallial sinus 

CM - columellar muscle 

CN - columellar nerve 

CPD - cerebropedal connective 
CPL - cerebropleural connective 
CS - серв: ic sinus 

DC - dorsal food canal 

DF - dorsal folds of pharynx 
DG - dorsal glands 

DGD - digestive gland duct 

ЕВ - efferent branchial vessel 
EFS - efferent sinus 

EL - external lip 

EN - esophageal nerve 

ES - esophagus 

EV - esophageal valve 

FC - frontal cilia 

GC - subepithelial glandular cells 


GO - gonad 

IM - internal pallial muscle 
LA - left anterior pallial nerve 
ТС - lateral cilia 


ТЕ - longitudinal fold 

LG - labial ganlion 

LIC - lateral inferior cartilage 
ТМ - left nephridial nerve 

LO - left osphradial ganglion 
LP - left posterior pallial nerve 


LS - lateral pedal sinus 
LSC - lateral superior cartilage 
М - mandibular plate 


MF - membranous fringe 
MM - mantle muscle 


leaden area. 

In A. marcusi the scar is the same 
as in A. noronhensis, andisaccompanied 
by a narrow dark brown band that limits a 
leaden area which is lighter than in A. 
noronhensis and contrasts with the whit- 
ish peripheral area. 


Head 


In dorsal view the headinthe 3 species 


MV - mantle vein 


№ - neural sinus 

NT - transverse connection between poster- 
ior pallial nerves 

O - odontophore 

ON - optic nerve 

1 - palp 


PA - proventricular aperture 
PD - pedal ganglion 

Ра - pleural ganglion 

PL - posterior labial nerve 
PN - pedal nerve cord 

PPA - posterior pedal artery 


PS - median pedal sinus 

PT - pallial tentacles 

PV - proventriculus 

PVL - perivisceral lacunae 

RA - right anterior pallial nerve 


RK - right kidney 
RN - right nephridial nerve 
RO - right osphradial ganglion 


RP - right posterior pallial nerve 
5 - stomach 

SAP - posterior sorting area 

SB - sensory button 

SC - sensory cell 

SCA - subradular cavity 

SD - salivary ducts 

SE - sensorial epithelium 

SG - subintestinal ganglion 


SGL - sole glands 

SO - subradular organ 

SPG - supraintestinal ganglion 
ST - statocyst 

SU - supporting cells 


ть - cephalic tentacle 

TC - terminal cilia 

ТЕ - band of transverse folds 
TN - tentacular nerve 

UB - unicellular trabeculae 
UG - unicellar granular gland 


VG - ventral glands 
VIG - visceral ganglion 
VN - visceral nerve 


resembles a truncated cone directed for- 
ward and sharply bent downward infront 
so that the mouth is ventral. 

The papillose external lips (Fig. 7, 
EL) are shaped like a horseshoe opening 
backward and surrounded by a furrowed 
membranous fringe (MF). The oval соп- 
tour of the mouth leaves free the inner 
lip or palps and, at the sides, the mandi- 
bular plate. In some anesthetized speci- 
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mens of A. subrugosa the extroverted 
odontophore (O) is seen betweenthe palps 
(P), and the heart-shaped subradular ог- 
gan (SO) lies under it. The rather dis- 
tensible cephalic tentacles (T) lie on 
each side of the head. Their thickened 
bases bear the small dark eyes. 


Foot and columellar muscle 


The oval foot has a well-defined mar- 
gin which separates the under from the 
lateral surfaces. Its muscles (Fig. 27) 
consist chiefly of dorsoventral fibers, 
continuous with those of the columellar 
muscle, and of less developed oblique 
and horizontal ones. The latter are 
peripheral and form a thin muscle layer 
bounding the connective tissue which in 
the sole contains many blood lacunae 
and gland cells. 

The high ciliary epithelium of the sole 
is pierced by the canals of the sole 
glands (Fig. 27, SGL). These unicellular 
glands are mainly mucous and most 
concentrated in the anterior and lateral 
parts of the foot, scarce in the center 
and behind. Other unicellular subepi- 
thelial glands (UG), whose secretion is 
chiefly granular, open on the lower parts 
of the lateral walls. 

The diameter of the animal gradually 
decreases from the sole upward, so that 
the area where the columellar muscle in- 
serts corresponds to the smallest dia- 
meter of the body. 

The insertion of the columellar mus- 
cle (Figs. 23,26, CM) resembles а horse- 
shoe with widened ends. Removing the 
shell, one can see that apically the mus- 
cle is not a continuous band, but is 
divided into bundles separated by the 
lateral sinus of the foot. The sinuses 
are more or less visible, depending on 
whether they are full of blood or empty. 
The number of muscle bundles is varia- 
ble, there being usually 6 on each side 
in A. subrugosa and A. marcusi, and 7 
in А. noronhensis. The columellar 
muscle (Fig. 27, CM) is essentially 
constituted of dorsoventral fibers which 
integrate the lower part of the foot; 
they are intercrossed with longitudinal 


fibers sometimes disposed in small bun- 
dles. There are very few horizontal 
fibers and these are near the apex, 
where the numerous dorsoventral ones 
branch off. The adhesion of the shell 
is effected by an epithelium of cubic 
cells (of 8.5 и average height in A. 
subrugosa) with indistinct cell boun- 
daries; fibrils run through them, as in 
Tegula viridula (Righi, in press) and 
Acroloxus lacustris (Hubendick, 1958: 
31): 


Pallial complex 


As in other Patellacea, the pallial 
cavity comprises a groove around the 
whole foot, besides the nuchal cavity 
behind the head. 

The nuchal cavity is laterally limited 
by the anterior extremities of the colu- 
mellar muscle. On each side of its 
floor lies a yellowish osphradium, semi- 
lunar in A. subrugosa, obliquely length- 
ened in A. marcus? and smaller and ir- 
regular in А. noronhensis. On the 
ceiling of the right posterior region of 
the cavity runs the rectum with the anal 
opening flanked by 2nephridiopores. The 
rectum projects into the nuchal cavity, 
farther in A. noronhensis than in A. 
subrugosa; in A. marcusi it opens just 
over the right osphradium. On the left 
side the bipectinate gill hangs from the 
ceiling with a slight inclination, so that 
the afferent margin is somewhat dorsal. 
There are neither afferent and efferent 
membranes, nor skeletal bands for sup- 
port. The branchial musculature is 
chiefly longitudinal, disposed as a pair 
of lateral bands protruding into the cavity 
of the 2 sinuses and especially developed 
along the efferent one. 

There are up to about 70 ctenidial 
lamellae on each side in A. subrugosa 
and a few more in A. noronhensis and 
A. marcust. They form broad tri- 
angles (Fig. 18), whose longer side is 
attached to the support. Afferent and 
efferent sinuses in the lamellae (Fig. 
20, AFS, EFS); are at the margins, 
and join a big lacuna. The latter occu- 
pies the entire lamella and is crossed by 
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thin unicellular trabeculae (UB) which 
maintain the walls in position. In A. 
subrugosa the coating cubic epithelium 
bears short cilia over the whole surface 
of the lamellae, and the frontal and ab- 
frontal cilia are also little developed. 
The lateral strong cilia (LC) and the 
terminal ones (Fig. 18, TC) are on a 
narrow band of cylindrical cells. The 
thin basement membrane is Sometimes 
absent. There isnohypobranchial gland. 

The muscular system of the mantle 
is most developed in the proximal region. 
It consists of dorsal fibers of the mantle 
muscle (Figs. 8 and 27, MM) and ob- 
lique ones, the internal pallial muscle 
(IM) in the septum separating the venous 
from the arterial system. These fi- 
bers join at the bases, some adhering 
to the columellar muscle and others to 
the shell beside it. Contraction of these 
fibers retracts the mantle. There are 
also longitudinal and transverse fibers 
which bring about the shortening and thin- 
ning of the mantle. 

Outside the circumpallial sinus is the 
glandular area of the mantle. Two 
kinds of glands are recognizable; the 
more evident ventral glands (VG) are 
large mucous granular cells which nar- 
row toward the periphery. Their thin 
ducts open isolated among the epithelial 
cells, mainly in the region ventral toa 
narrow furrow around the mantle. In 
young limpets these cells form a con- 
tinuous strip; in adults they form groups, 
separated by connective tissue and mus- 
cle fibers which enclose the body of the 
gland. The dorsal glands (DG) are 
the second kind of gland, inconspicuous 
small nodules of intensely stainable 
pear-shaped cells which open into the 
mantle furrow. In adults, large gland 
cells (GC) descend into the connective 
tissue and open on the ventral face. 
According to Fretter & Graham (1954: 
579; 1962: 119) those glands are re- 
pugnatorial. 

The dorsal epithelium of the mantle 
(SE) is much higher than the ventral one, 
and more developed in A. noronhensis 
than in А. subrugosa and A. marcusi, 
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It consists of cylindrical cells with brown 
apical granules, intermingled with sen- 
sory cells. Further sensorial struc- 
tures are the pallial tentacles (Fig. 
8, PT). 

Circulation of respiratory water and 
elimination of particles in A. subrugosa 
are performed in the same way as des- 
cribed in А. testudinalis and A. virginea 
by Yonge (1947: 465; 1962: 120, Fig. 1A); 
A. subrugosa agrees with Lottia gigan- 
tea (Abbott, 1956: 86, Fig. B) in the ab- 
sence of an axial ciliary current along 
the efferent margin of the ctenidium. 
Particles which pass between the cteni- 
dial lamellae or along their contour by 
action of the frontal, terminal and ab- 
frontal cilia are heaped up on the af- 
ferent margin. They are carried over 
the floor of the nuchal cavity by the 
branchial cilia or movements of the 
ctenidium, then conveyed toward the right 
by strong ciliary currents and backward 
into the pallial groove. I did not find 
any ciliation on the pallial tentacles. 
During low tide the columellar muscle 
is partly relaxed, and, owing to the 
previously mentioned shell configura- 
tion, a narrow gap remains between the 
Shell and the rock, allowing for the pas- 
sage of air which diffuses into the re- 
Sidual water in the nuchal cavity and the 
pallial groove, making aerial breathing 
possible. 


Alimentary tract 
1. Buccal cavity 


The buccal opening (Fig. 7) isbroader 
than high. It opens ventrally when the 
head is in its normal position. 

The papillae that cover the lips are 
chiefly constituted of connective tissue. 
Their epithelium has prismatic cells with 
basal, longish and densely chromatic 
nuclei and homogenous plasma. It is 
coated with a thick cuticle in which den- 
ticles are recognizable. There are 
Simple thorny projections of the cuticle 
as in Acmaea digitalis (Thiele, 1902: 
338, Fig. 105). They probably retain 
alimentary particles, but do not scrape 


276 G. RIGHI 


growth from rocks as Fisher assumed 
for Lottia gigantea (1904: 6). 

The membranous fringe (Figs. 7 and 
8, MF) surrounding the lips is consti- 
tuted of connective tissue crossed by 
numerous blood lacunae and few mus- 
cular fibers. The cubic epithelium ofthe 
fringe is continuous with that of the 
head. It is separated from the lips by 
a deep furrow containing sensory buttons 
in A. subrugosa and A. marcusi (Fig. 8, 
SB). The buttons are supplied with nerves 
from the labial ganglia. They are es- 
sentially connective structures, tra- 
versed by weak muscular bands. Their 
epithelium is formed by cells up to 
15.3 y in height with basal oval nuclei 
and covered with a thin cuticle pierced 
by numerous cilia. Among these sup- 
porting cells there are neuroepithelial 
ones with spindle-shaped, intensely 
staining nuclei. The epithelium of the 
furrow around the button consists mostly 
of mucous glands and of a few granular 
ones. 

The buccal opening leads into a spa- 
cious oral cavity containing the odonto- 
phore, the subradular organ, the palps 
and the mandibular plate. 

The palps (Figs. 7 and 8, P) are visi- 
ble through the mouth as 2 triangular 
masses. When the limpet feeds they 
are expanded and located on the sides 
of the odontophore. They are mainly 
formed of connective tissue with big 
blood lacunae and crossed muscle fibers, 
and rest on the lateral inferior carti- 
lages (Fig. 8, LIC). The epithelium is 
cylindrical, ciliated in the center and 
provided with a thick denticulate cuticle 
on the sides. On the inner wall, which 
forms the anterior limit of the subra- 
dular cavity, there is a thick layer of 
conchiolin which continues into the 
greater part of the furrow running along 
the inner side of the external lips. The 
opposite wall is in close contact withthe 
mandibular plate. 

The subradular cavity (Fig. 8, SCA) 
is limited dorsally by the buccal mass 
and ventrally by the floor of the oral 
cavity of which it is a diverticulum. The 


lateral inferior cartilages of the odonto- 
phore accompany this canoe-shaped ca- 
vity. The coating epithelium is highest 
below, between the cartilages, where the 
conchiolin layer continues. Some glandu- 
lar cells are found on the sides and 
above. 

The subradular organ (Figs. 7 and 8, 
SO) is located under the odontophore, 
and looks like an isosceles triangle in 
cross-section. The anterior end has a 
deep notch with high cylindrical epithe- 
lium. Its cells produce a thick cuti- 
cular layer continuous with the basal 
membrane of the radula. On the median 
and posterior areas the coating of the 
organ shows rounded denticles, finger- 
shaped in A. marcusi, much smaller than 
those of the lips, as in Acmaea digi- 
talis (Thiele, 1902: 336). In this re- 
gion, many longitudinal furrows aredis- 
posed symmetrically in A. subrugosa. 
The subradular organ, roomy in itscen- 
ter, contains longitudinal andtransverse 
muscular bands, the former being more 
numerous. When the animal scrapes, 
this organ is extroverted and greatly 
increases in size by accumulation of 
blood. Sensory cells like those found 
in the subradular organ of Acmaea 
virginea and A. testudinalis, (Willcox, 
1901: 624) do not occur. 

The single jaw or mandible (Figs. 
9-11) probably results from median 
fusion of a pair, asinmost prosobranchs. 
Two wings, the anterior smaller than 
the posterior one, are quite distinct on 
each side of the mandible of A. subru- 
gosa. The color is light brown for the 
most part and dull brown on the thick 
anterior end. The latter (Fig. 8, M) 
projects into the buccal cavity between 
the palps and the external lips; inwards, 
it reaches the dorsal folds of the phar- 
ynx. In A.noronhensis it is canoe- 
shaped, with a dark brown broader and 
thicker anterior portion. The irregu- 
larity of its margin is due to friction 
against the substrate. Its great thick- 
ness makes histological sections of the 
head difficult. The slender jaw of А. 
maycust is narrow and strongly concave 
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anteriorly, and widened and flattened 
posteriorly. The thicker anterior third 
is demarcated by a transverse furrow; 
equally thick is the concave median re- 
gion opposite the radula. The mandible 
of the 3 species has no rod-like struc- 
tures. Many odontophore muscles are 
joined to the mandible; also the palps, 
external lips and dorsal folds of the 
pharynx are attached to it by strong 
muscular ligaments. When the mandible 
is everted from the buccai cavity, the 
dorsal folds of the pharynx are drawn 
forward, enlarging the food canal and 
the opening of the ducts of the sali- 
vary glands and causing a release of 
saliva. The enlargement of the food 
canal causes the entrance of food parti- 
cles. The mandible does not contri- 
bute actively to capture of food; rather, 
it serves as a support for the antero- 
lateral portion of the cephalic cavity and 
protects the external lip from damage 
by the radula. 

The odontophore is an oval mass con- 
stituted of many muscular bands 
wrapping 3 pairs of cartilages. The 
anterior (Fig. 22, CA) and the lateral 
superior (LSC) cartilages are canoe- 
shaped. The anterior ones are long, 
widest in the middle; they diverge back- 
ward and have the shape of two little 
rods. The lateral superior cartilages 
are disposed as a hood over the anterior 
ones. The lateral inferior cartilages 
(Fig. 8 LIC) support the palps and ex- 
tend along the subradular cavity; few 
odontophore muscles are fastened to 
them. 

The radula (Figs. 12-14) has the for- 
mula 1:3:0-3-1. The lateral teeth are 
partly coalesced so that they show a 
common rectangular basal plate. The 
inner teeth are anterior on the plate and 
their basal portion narrows anteriorly 
in A. subrugosa; the bases of the long 
cusps touch one another. The 2 exter- 
nal laterals are posterior on the basal 
plate. They are partially fused, having 
a smaller external and a larger inner 
cusp with a little eccentric point in 
A. subrugosa. Insymmetrical teeth their 


inner edge is parallel in A. subrugosa, 
divergent in A. noronhensis and con- 
vergent in A. marcusi. The marginals 
are implanted as 2 small plates on the 
radular membrane near the external 
superior corner of the basal plate of the 
lateral teeth. In А. noronhensis the 
teeth are especially strong. 

The radular sheath of A. subrugosa 
and A. marcusi is as long as the shell, 
and one and a half times as long in A. 
noronhensis. In A. subrugosa it passes 
through the cephalic artery, andthen ex- 
tends into the visceral cavity, ac- 
companying the esophagus on the left 
side; it goes downward and reaches the 
floor of the cavity, where it is enclosed 
by the gonad. Then it curls to the 
right and upward, runs over the pro- 
ventriculus and goes on forward, at- 
taining the morphologically anterior por- 
tion of the stomach, where it bends to 
the left and ends in a widening. The 
arrangement of the radular sheath is 
essentially the same in the other 2 
Species. In A. marcusi an anterior 
left loop appears a little after its pas- 
sage through the cephalic artery; in one 
specimen the loop was on the right. 

In the 3 species there is a pair of 
folds (Fig. 8, DF) on the inner dorso- 
lateral walls of the pharynx, which con- 
tinues into the esophagus. Betweenthem 
runs a deep, large furrow, the dorsal 
food canal (DC). These folds extend 
forward to the neighborhood of the palps. 
They consist of connective tissue which 
contains unicellular mucous glands 
opening by long ducts among the epi- 
thelial cells. Muscular fibers run along 
the whole length of the folds. The ducts 
of the salivary glands open into the 
anterior region of the food canal, whose 
cylindrical epithelium is higher and has 
longer cilia around the opening of these 
glands. 

The esophageal valve (EV) lies in the 
buccal cavity between the aperture of 
the radular sheath and the esophageal 
folds. In A. subrugosa it joins the 
lateral esophageal walls, serving as a 
ceiling of the radular sheath and as a 
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FIGS. 15-17. 


floor of the food canal. In A. marcusi 
it is smaller and joins the odontophore 
laterally, so that it does not abut on 
the food canal. In both species it con- 
sists of few muscular fibers with a 
big blood lacuna in direct communica- 
tion with the cephalic sinus. 


2. Esophagus 


The anterior ventral limit of the 
esophagus is indicated by the opening 
of the radular sheath, the dorsal one by 
an imaginary plane which runs over the 
odontophore and reaches the opening of 
the salivary glands (Fretter & Graham, 


ES 


Gut of Acmaea: 15, A. noronhensis; 16, A. marcusi; 17, A. subrugosa 


1962: 207). The esophagus is flattened 
dorsoventrally. The folds of the food 
canal (Fig. 8, DF) extend backward and 
are strongly bent outward; their free 
margins are dilated by a blood lacuna 
which also extends backward. Small 
longitudinal folds appear between the 
main folds. The epithelium has big 
cylindrical cells with long cilia in the 
furrow between the folds. Goblet cells 
are scanty in front, and common in the 
middle and posterior parts of the eso- 
phagus. 

Two ventrolateral folds project into the 
lumen of the esophagus near the base 
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of the esophageal valve in A. subrugosa 
and А. noronhensis, and farther behind 
in A. marcusi. They approach one 
another posteriorly, eventually fusing 
into a bifid ventral fold. Their cylin- 
drical ciliary epithelium is higher on 
their inner surface. Anterior to the 
ventral folds there is, in A. marcusi, 
a median longitudinal fold with high glan- 
dular cells. The dorsal folds in A. 
subrugosa appear as longitudinal dark 
bands on the external surface of the 
esophagus. 

The lateral walls of the esophagus form 
two large pouches (of which the right 
is larger) at the region where this or- 
gan shows a twist of 90°. Numerous 
transverse Septa divide the pouches into 
smaller ones, whose number increases 
posteriorly and which are less numerous 
on the left side. The anterior lateral 
walls of the esophagus in A. marcusi 
are made up of high mucous cells, 
probably in compensation for the less 
developed posterior salivary glands. 

The esophagus twists again still far- 
ther back, so that the dorsal folds be- 
come ventral and the ventral ones dor- 
sal. Its lumen gradually narrows (Figs. 
15, 16, 17, ES) and the folds disappear. 
Then numerous longitudinal folds arise 
on the whole inner surface. Now the 
esophagus, which first ran on the left 
side of the animal, shifts toward the 
right upper side. Shortly before opening 
into the stomach, it widens into a little 
chamber, the proventriculus (PV). Its 
walls are densely furrowed in A. subru- 
gosa, scarcely so in A. noronhensis and 
A. marcusi. 


3. Stomach 


The stomach is separated from the 
proventriculus by a strong constriction. 
It begins on the right side (Figs. 15, 16, 
17), assumes a circular ascendent path 
to the left and forward, and then its 
lumen narrows. It surrounds the dor- 
salmost part of the digestive gland, 
which in A. subrugosa covers its ex- 
tremity, leaving a little area visible on 
the left side when the shell is removed; 


in А. noronhensis the loop is more 
closed, and also a little central part is 
covered by the digestive gland; in A. 
marcusi only its peripheral area is 
visible. The stomach of Acmaea has 
neither spiral caecum, gastric shieldand 
typhlosoles, nor a style sac or a proto- 
style. The following observations refer 
to A.subrugosa: The proventricular 
aperture (Fig. 19, PA) is a wide oval 
slit with several little folds which con- 
tinue from the proventriculus into the 
beginning of the stomach. Alittletrans- 
verse tuck represents a reduced posteri- 
or sorting area (SAP), as in Patella 
vulgata (Graham, 1949: 749). On the 
inner angle of the stomach, where the 2 
typhlosoles occur in other Archaeogas- 
tropoda, there are some small longi- 
tudinal folds, of which the median one 
is the most evident. In the median re- 
gion of the stomach these folds are 
united in a single larger one (LF), which 
in the pyloric region divides again dis- 
orderly and indistinctly. The posterior 
sorting area continues onto the mor- 
phologically dorsal and ventral walls 
with a band of transverse folds (TF) 
like that recorded in Lottia gigantea 
(Fisher, 1904: 13). These folds dimin- 
ish backward and approach the inner 
angle, those of the ventral band more 
rapidly. They disappear in the pyloric 
region, only a small longitudinal fold 
penetrating into the intestine. The ven- 
tral band is accompanied externally by 
a longitudinal fold. 

In the posterior sorting area and in 
the transversely folded bands, the epithe- 
lium is constituted of 60 и high wedge- 
shaped cells, wider at the apex, with 
long cilia. Between these supporting 
cells there are goblet cells. Backward, 
the epithelium of the bands is lower and 
goblet cells are scarce. The remaining 
gastric wall is formed of cylindrical 
glandular cells about 204 high with 
short cilia. 

The passage from the stomach to the 
intestine is gradual. 

In the 3 species examined, the di- 
gestive gland communicates with the 
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FIGS. 18-21. Acmaea subrugosa: 18, Branchial leaflets (solid arrows show ciliary currents; 
dashed ones, course of water). 19, Dorsal aperture of the stomach; the arrows 
indicate currents of cilia; 20, Section of branchial leaflet; 21, Cells of retina. 
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stomach by a single duct (DGD) which 
opens into the posterior sorting area 
just over the aperture of the proventri- 
culus. This opening forms a sharp angle, 
with the inner part directed toward the 
digestive duct. 

The food particles are carried by cilia 
from the opening of the digestive gland 
toward the posterior sorting area; cilia- 
tion was not found inside the gland. From 
the posterior sorting area the particles 
take 3 main directions. The most im- 
portant is toward the ventral band of 
transverse folds, whose ciliation directs 
the particles to the furrow between that 
band and the previously mentioned longi- 
tudinal fold. Along the furrow the par- 
ticles are wound forward. Few par- 
ticles are carried from the posterior 
sorting area to the dorsal band, where 
a transverse current directs them tothe 
inner angle, whence they are carried 
forward together with most of the re- 
sidue from the digestive gland. Some 
particles go from the posterior sorting 
area toward the longitudinal fold. 

The inner morphology of the stomach 
of А. noronhensis and А. marcusi was 
not studied because in the preserved 
material it was filled with mucous 
masses adhering to the walls. 


4. Intestine 


The complex course of the intestine 
(Figs. 15, 16, 17) through the digestive 
gland and the gonad is essentially the 
same in the 3 species. The intestine 
is longer and more complex in A,noron- 
hensis than in А. subrugosa and A. 
marcusi. In the 3 species the rectum 
has 2 big folds (dorsal and ventral) 
of connective tissue, which begin a little 
before it enters the mantle. The walls 
of the rectum to the right and left of 
the folds are different. The epithe- 
lium of the left wall is up to би high, 
with few but long cilia. High folds oc- 
cur on the right wall, whose epithelial 
cells are up to 13.5 u high and have 
many small cilia, and where goblet 
cells are frequent. The limit between 
the 2 types of epithelium lies at the 


apex of the 2 big folds. In the mantle, 
the rectum bends toward the left at a 
right angle, so that the dorsal and ven- 
tral folds become lateral near the anus. 

The inner structure of the rectum 
evidently shapes the fecal pellets, which 
are twisted and have a deep spiral 
furrow in A. subrugosa (Fig. 25). In 
transverse section they show the coarse 
material irregularly positioned ina gela- 
tinous coat. The pellets are about 2mm 
long and 0.1 mm broad. 


5. Glands of the alimentary tract 


ба. Salivary glands. As in most 
Acmaeidae, there are 2 different pairs 


of salivary glands. 

The anterior pair of A. subrugosa is 
asymmetrical in position and size. The 
right gland is broader than long and lies 
sideward and a little above the right 
esophageal chambers, together with the 
posterior salivary glands and just above 
the corresponding pleural ganglion. The 
left gland is longer than broad, is 
partially covered by the left esophageal 
chambers and the posterior salivary 
gland, and is almost entirely enclosed 
by the gonad. Both salivary glands 
(Fig. 8, SD) have long ducts which 
accompany the dorsal wall of the eso- 
phagus and open into the folds of the 
pharynx. The wall of the ducts con- 
sists of glandular cells and cubic ones 
with long cilia. 

The posterior salivary glands arefin- 
ger-shaped and open seperately into the 
median esophageal chambers. They are 
coated with low, mainly mucous, glan- 
dular cells, and lined with cubic ciliary 
epithelium with few glands. The 2 layers 
of cells are separated by thick fibrous 
connective tissue. 

5b. Digestive gland. The voluminous 
digestive gland is racemose, interwea- 
ving with the stomach and the intesti- 
nal loops, and also enclosing part of the 
radular sheath. It constitutes the prin- 
cipal portion of the visceral mass, ex- 
cept during reproduction, when the gonad 
enlarges. 

As usual, there are 2 types of cells 
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in the hepatic tubules of A. subrugosa. 
The more numerous are the absorbing 
cells, which are cylindrical, up to 36 4 
high, vacuolated and with basal fairly 
translucent nuclei; each apex is rounded 
and has a dense plasma. The secretory 
cells are placed at the angles of the 
tubules, stain intensely and appear in 
sections as triangles about 22 u high. 

The glandular cells rest on a basal 
connective layer which separates them 
from the blood lacuna. This basal layer 
is sometimes wanting, mainly in the re- 
gion of the secretory cells, which in 
that case send out processes into the 
lacunae. The 2 cellular types also line 
the ducts of the gland, which gradually 
unite into a single channel. Shortly be- 
fore its opening into the stomach, the 
channel is coated with columnar ciliary 
eipthelium continuous with that of the 
stomach. 


Circulatory system 


1. Heart 

The approximately triangular pericar- 
dium is at the left side at the back of the 
nuchal cavity in the 3 species. It is 
bounded on the left by the fore left 
portion of the columellar muscles and 
on the right by the gonad. 

The heart consists of a triangular 
auricle and a ventricle, connected by 
wide transverse atrioventricular aper- 
tures. Numerous, variably strong mus- 
cle strings cross its lumen in various 
directions, giving it a fenestrate as- 
pect. Only in A. subrugosa was a de- 
tailed study of this organ possible, but 
it is very similar in the other 2 species. 
The strings are especially numerous on 
the contiguous walls of the auricle and 
the ventricle. On the auricular side 
the atrioventricular aperture hasavalve 
formed by a dorsal and a ventral lip 
fastened by slender muscular strings. 
These are more numerous on the ven- 
tral side and arranged at various levels. 
Their contraction opens the valve when 
the blood is forced from the auricle 
into the ventricle. On the ventricular 
Side 2 thick muscular bands, originating 


from many points on the left and right 
walls of the ventricle, are attached to 
the angles of the opening; their con- 
traction closes the aperture during the 
ventricular systole. 

The cavity of the ventricle communi- 
cates with the aorta by a long longi- 
tudinal gap in the midline of the right 
ventricular wall. The ventral lip of 
this gap functions as a valve; it is 
fastened to the ventral wall of the ven- 
tricle by short thin muscle strings, 
which open and close it during the ven- 
tricular systole and diastole, respec- 
tively. Dorsoventral muscle bands cross 
the circular opening through which the 
atrium receives the oxygenated blood. 


2. Arterial system 


The aorta emerges from the right ven- 
tral side of the ventricle. Already at 
its origin, hence still within the peri- 
cardium, the aorta divides into an an- 
terior and a posterior (visceral) branch. 
The anterior aorta attains the dorsal 
wall of the esophagus. It continues to 
descend, runs through the nervous vis- 
ceral loop and under the right anterior 
salivary gland. Then it bends round 
the last right esophageal pouch, passes 
under the esophagus and over the radu- 
lar sheath. It crosses the diaphragm, 
runs dorsally for a short extent along 
the radular sheath after having sur- 
rounded it completely. A little farther 
on, it sends backward a thin branch 
that passes immediately over the sub- 
intestinal branch of the visceral loop and 
supplies the hindmost part of the radular 
sheath. 

The aorta bifurcates between the inner 
ends of the anterior cartilages of the 
odontophore. A pedal artery runs to the 
foot and a cephalic artery continues 
forward, still accompanying the radular 
sheath. In the median portion of the 
odontophore the radula pierces the dor- 
sal wall of the cephalic artery, which 
a little farther on becomes lacunar and 
passes into the space of the cephalic 
(buccal) sinus (Fig. 8, CS) between the 
cartilages and the odontophoral muscles. 
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FIGS. 22, 24, 25. Acmaea subrugosa: 22, Odontophoral cartilages; 24, Epithelium of the right 
kidney; 25, Fecal pellets. 











FIG. 23. Acmaea marcusi: nervous system. 
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The cephalic sinus makes upthe broad 
anterior hemocoele, which supplies the 
head and the neck. It is separated from 
the visceral cavity by the diaphragm. 
This is a connective and weakly muscu- 
lar membrane inclined downward and 
forward, so that the hindmost portion of 
the sinus is dorsal. The diaphragm is 
perforated dorsomedially by the esopha- 
gus, farther below by the aorta and the 
radular sheath, on either side by the 
salivary ducts and more ventrally by the 
branches of the visceral loop; finally, 
the extremity of the radular sheath 
pierces it on the right side. The cere- 
bral ganglia and cerebropleural connec- 
tives are separated from the main cavity 
by connective-muscular bands. The 
bands form 2 small lateral pouches (Fig. 
8) connected with the main cavity and 
with a space surrounding the labial gan- 
glia by apertures in the walls and at 
the ends. 

Some branches with little or ill de- 
fined walls arise from the cephalic sinus, 
extend into the lips and the tentacles, 
and along the pallial nerves, and pass 
into the pallial circulation. A little in 
front of the pedal ganglia and between 
the cerebropedal and pleural connec- 
tives, there are 2 large transverse gaps 
which lead blood from the cephalic sinus 
to the foot. They are lengthened back- 
ward, surrounding the pedal nerve cords 
as neural sinuses (Fig. 27, NS), nameda 
median sinus by Willcox (1898: 436) and 
a neural artery by Fisher (1904: 24). 

In A. subrugosa the pedal artery main- 
tains its walls in the cephalic sinus and 
in its entire course through the foot. 
From the aorta it runs backward on the 
floor of the cephalic sinus, pierces the 
pedal muscle and divides, giving a thin- 
ner anterior and a thicker posterior ar- 
tery. The former soon loses its indi- 
viduality by branching into capillaries. 
The latter bifurcates under the pedal 
commissure, and its 2 branches (Fig. 
27, PPA) run below the 2 sinuses which 
surround the pedal nerve cord. In A. 
marvcusi the pedal artery ramifies be- 
fore piercing the pedal muscle. The 


neural sinuses accompany the posterior 
pedal commissure and coalesce. The 2 
branches of the pedal artery unite in the 
Same region but much deeper in the 
pedal muscle. After this junction the 2 
pairs of vessels continue along the pedal 
cords. Nerves arising from these cords 
are supplied by the 2 vessels; the pedal 
artery remains farther below. The bran- 
ches of the pedal artery are mostly 
directed to the lateral and inferior por- 
tions of the foot, whereas those of the 
neural sinuses supply the median and 
superior pedal portions and the columel- 
lar muscle. 

The visceral aorta passes through the 
right posterior wall of the pericardium 
and, after a short descending course 
through the body cavity, penetrates the 
gonad and also attains the intestine and 
the digestive gland. 


3. Venous system 


The blood of the foot is drained by 
2 systems. Small lacunae of the central 
portion open into the great medial pedal 
sinus (PS) that runs backward between 
the gonad and the foot, and communi- 
cates posteriorly with the renal blood 
system and still farther behind with the 
mantle vein. The other and more im- 
portant system consists of the lateral 
pedal sinuses (LS), or vertical inter- 
fascicular vessel (Willcox, 1906: 184), 
which receive blood from the lateral and 
inferior portions of the foot. These 
sinuses are approximately 6 on each side 
in А. subrugosa and A. marcusi, but 
indistinct in the latter. They go up- 
ward through the columellar muscle, 
drain it, communicate laterally with the 
mantle vein and its branches, and cen- 
trally with the perivisceral lacuna, for- 
ming a T in cross-section. The blood 
that comes from the viscera goes in 
part to the broad perivisceral lacunae 
(PVL) which lie over the visceral mass; 
their cavity is crossed by numerous 
trabeculae of renal tissue. 

The blood flows forward on both sides 
in the mantle vein (MV), whose slender 
cubic epithelium is underlain by a thin 


286 G. RIGHI 





Fig. 26. Acmaea subrugosa: nervous system. 


basal connective layer which is lacking 
in some regions. Oxygenated blood goes 
through the mantle arteries to the cir- 
cumpallial sinus (CIS), where the blood 
runs forward on both sides. It is sepa- 
rated from the mantle vein by a longi- 
tudinal connective-muscular band tra- 
versed by the above-mentioned arteries. 
In the anterior region the mantle vein 
is connected with the intricate lacunar 


system of the ceiling of the nuchal 
cavity, where the blood of the two pre- 
viously -mentioned lacunae of the cepha- 
lic sinus also arrives. Thence, the blood 
flows chiefly to the circumpallial sinus. 
A small furrow accompanies the mantle 
vein. The epithelium of the furrow is 
a little higher than that of the lower 
face of the mantle, especially in A. 
subrugosa and A. noronhensis. 
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Part of the blood from the viscera 
goes to the rectal sinus, and then enters 
the afferent branchial vessel together 
with blood from the left kidney and ante- 
rior portion of the right. Thence itruns 
across the branchial leaflets to the ef- 
ferent branchial vessel. The2branchial 
vessels communicate with one another 
through capillaries in the sustaining 
membrane of the branchial leaflet. The 
efferent branchial vessel passesthrough 
the posterior mantle wall and the peri- 
cardium and opens into the atrium; on 
its way it receives blood from pallial 
lacunae and especially from the circum- 
pallial sinus. 


Nervous system 


The following account refers chiefly 
to А. subrugosa and A. marcusi (Figs. 
23, 26). The 2 egg-shaped cerebral 
ganglia (CE) lie on theanterolateralpart 
of the buccal mass, at the bases of the 
tentacles. The cerebral commissure 
(CC) is broad; it runs over the odonto- 
phore. A thick anterior labial nerve 
(AL) arises a little under and in front 
of the base of the commissure. The 2 
labial nerves descend and coalesce. In 
the upper lip the labial nerve forms 
numerous branches. A second and slen- 
derer posterior labila nerve (PL) arises 
from the median inferior area of the gan- 
glia, runs downward and attains the la- 
teral portion of the lip where it rami- 
fies; it anastomoses in front with a 
branch from the anterior labial nerve 
and in back with another one from the 
labial ganglia. Thus a circumoral nerve 
ring results. The thicktentacular nerve 
(TN), of dorsal origin, ramifies a little 
after entering the tentacle. The thin 
optical nerve (ON) arises immediately 
behind the tentacular nerve and goes 
directly to the eye. 

The spindle-shaped labial ganglia (LG) 
lie under the posterior part of the sub- 
lingual cavity and are surrounded by the 
odontophoral muscles. They are con- 
nected by a sinuouS commissure and 
send nerves toward the palps and the 
lower lip. The short cerebrolabial con- 


nectives have some nerve cells which in 
A. subrugosa also extend backward and 
upward on the underside of the cerebral 
ganglia. 

The stomatogastric system consists of 
2 longish buccal ganglia (BG) between 
the radular sheath and the pharynx. 
They converge toward the commissure 
which lies behind. In front, the cere- 
brobuccal connectives slant forward, 
bend around the buccal mass and at- 
tain the posterior faces of the labial 
gangila. Some fibers connect with the 
cerebral ganglia together with the cere- 
brolabial connective, others with the 
labial ganglia. A nerve emerges from 
the anterior portion of the buccal ganglia 
and accompanies the salivary ducts to the 
pharynx folds where it branches. Two 
other nerves (only one in A. marcus?) 
arise from the posterior end; the inner 
pair goes to the radular sheath, the 
outer one to the odontophore. 

I did not find the subradular ganglia 
said to be characteristic of Acmaeidae 
(Fisher, 1904: 42). Neither did Willcox 
(1898) describe them in A. fragilis. 

The cerebropleural (CPL) and cere- 
bropedal (CPD) connectives arise from 
the posterior extremity of the cerebral 
ganglia. The former is thicker and 
begins farther outward andupward. They 
run backward along the lateroventral wall 
of the cephalic sinus. Cerebropleural 
and cerebropedal connectives, both with 
nerve cells, run parallel in their be- 
ginning; the latter diverge farther in- 
ward. Branches from these connectives 
innervate the lateral and inferior walls 
of the head. The static nerve begins 
within the cerebropleural connective, and 
separates from it at the point where the 
cerebropedal connective bends inward. 
The statocysts (ST) lie under the pleu- 
ral ganglia. 

The pleural ganglia (PG), outwardfrom 
the tip of the odontophore, receive the 
cerebropleural connectives infront. As 
in Patella (Bouvier, 1887: 18; Davis & 
Fleure, 1903: 38), 2 pleural nerves go to 
the dorsolateral body wall, one arising 
together with the cerebropleural con- 
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nective, the other farther laterally; a 
third and thicker nerve accompanies the 
salivary gland and seems to innervate 
the anterior part of the columellar mus- 
cle. The pallial nerve runs backward 
and outward, branching into an anterior 
and a posterior nerve. In A. subrugosa 
and A. marcusi the right anterior pallial 
nerve (RA) enters the upper edge of 
the columellar muscle and bifurcates 
again into an anterior and a posterior 
branch. The former. goes through the 
anterior portion of the muscle to the 
mantle, where it reaches the circumpal- 
lial nerve. The latter runs backward 
through the shell muscle and attains the 
mantle in the middle part of the body, 
subdivides and unites with the circum- 
pallial nerve. The right posterior pal- 
lial nerve (RP) extends backward and up- 
ward between the kidney and the body 
wall, passing through the columellar 
muscle; in the posterior third of the 
body it traverses the mantle andreaches 
the circumpallial nerve. The left an- 
terior pallial nerve (LA) bifurcates a 
little before it crosses the columellar 
muscle. Its posterior branch anasto- 
moses with the osphradial nerve, andits 
anterior branchtraverses the columellar 
muscle and bifurcates. The 2 branches 
run in opposite directions, crossing the 
mantle and coalescing with the circum- 
pallial nerve. The left posterior pal- 
lial nerve (LP) runs, like the right one, 
between the kidney and the shell mus- 
cle, then passes through the muscle and 
finally branches. The 2 resulting 
nerves run backward across the muscle. 
The innermost attains the posterior third 
when it reaches the mantle, subdivides 
and coalesces with the circumpallial 
nerve. A small transverse nerve (NT) 
connects the 2 posterior pallial nerves 
as in Lottia (Fisher, 1904: 46) and 
Patella (Davis & Fleure, 1903: 38). 

The circumpallial nerve (CIN) sur- 
rounds the mantle margin inside the 
gland ring. It receives the branches of 
the pallial nerves and sends out fibers 
to the mantle tentacles and ventral 
glands. 


The esophageal nerves (EN) arisefrom 
the pleural ganglia together with the 
origin of the branches of the visceral 
loop. The left esophageal nerve is 
double, and its 2 components are joined, 
up to their middle, by a connective 
Sheath. Then they separate and enter 
the ventral face of the esophagus, near 
the anterior salivary gland. The right 
nerve is single, quite small, and enters 
the right lateral wall of the esophagus 
in the region of the tubules of the pos- 
terior salivary gland. 

The pedal ganglia (PD) lie a little un- 
der and in front of the pleural ganglia 
and are contiguous with them. In front 
they receive the cerebropedal connec- 
tive and are united by a broad commis- 
sure, and the 2 anterior pedal nerves 
(AP) arise and enter the pedal muscle, 
branching extensively. The 2 ganglionic 
nerve cords are thicker; they run back- 
ward, and before entering the pedal mus- 
cle they emit outward and upward, into 
the body cavity and to the body wall, a 
branch (CN) that supplies the sheli 
(collumellar) muscle. The pedal cords 
are farthest from one another in the 
middle of the foot and converge back- 
ward, becoming united by a commissure. 
The terminal branches form another an- 
astomosis. Peripheral branches, ben- 
ding in sharp angles backward, go to the 
periphery, where they ramify especially 
over the girdle of glands. These nerves 
are not symmetrical and their number 
increases with growth; in the central and 
dorsal areas they are thinner and less 
numerous. 

The visceral branches are broad and 
ganglionic, and hence are difficult to 
separate from the pleural ganglia. The 
hind part of the loop surrounds the aorta. 
A thicker nerve comes out from the 
supraesophageal branch, just over its 
crossing with the subesophageal branch, 
and goes backward to innervate the ra- 
dular sheath. Near the subintestinal gan- 
glion there arises a nerve which sup- 
plies the gut and the anterior portion 
of the right kidney. The connectives 
between the 3 concentrations of the vis- 
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ceral loop are so short that the ganglia 
are difficult to separate from one ano- 
ther. The supraintestinal ganglion is 
the first on the morphological left side; 
it lies over the right upper portion of 
the esophagus and gives origin to 3 
nerves in A. subrugosa. The first, the 
only one in A. marcusi, is the gan- 
glionic left osphradial nerve; it runs 
across the gonad, enlarging slightly un- 
der the osphradium, and forms the left 
osphradial ganglion (LO). Here it an- 
astomoses with a previously-mentioned 
branch of the left anterior pallial nerve 
and sends forth the branchial nerve (BN) 
to the efferent branchial vessel. In A. 
marcusi it emits a left nephridial nerve 
(LN) behind the pericardium and the left 
portion of the right kidney. The other 
2 nerves from the supraintestinal gan- 
glion in A. subrugosa go to the heart, 
accompanying the anterior aorta dorsally 
and ventrally. The visceral ganglion is 
the hindmost ganglion of the loop. It 
sends forth only a voluminous nerve, the 
visceral nerve, that goes backward and 
to the left. It divides into an anterior 
and a posterior branch. The former 
runs to the rectum and the kidneys, 
and one of its subdivisions traverses 
the external wall of the afferent branchial 
vessel. At the tip of the ctenidium it 
joins the just described branchial nerve 
and, like this nerve, sends a fiber to 
each gill leaflet. The posterior nerve 
runs toward the organs of the visceral 
mass. Like the visceral ganglion, the 
subintestinal ganglion is covered by the 
right salivary gland; it only gives off 
the ganglionic right osphradial nerve, 
which in A. subrugosa is a little longer 
than the left one, and forms the right 
osphradial ganglion (RO). InA. marcusi, 
the right osphradial nerve sends back- 
ward the long right nephridial nerve 
(RN) which runs between the shell mus- 
cle and the right kidney, innervating it. 


Sense organs 
1. Tentacles 


The surface of the tentacles is covered 


with numerous papillae which increase 
the sensorial area; they are specially 
numerous on the inner face and the 
apex, and are absent on the dorsal sur- 
face. The longitudinal muscle fibers 
are united in bundles only along the in- 
ner face and so do not affect the shape 
of the eye during contraction; they par- 
tially surround a central mass of con- 
nective tissue with a dorsal vessel. The 
innervation was described above. The 
Slightly cuticularized epithelium con- 
sists of cubic cells with sensory cells 
between them. Under the epithelium 
there are oblique distending muscles. 


2. Eyes 


The opening of the pear-shaped eyes 
is proportionally larger in young ani- 
mals. The low cutaneous epithelium is 
higher in the area opposite the opening. 
The retinal cells in A. subrugosa are 
20 u high. The supporting cells of the 
retina (Fig. 21, SU) are bottle-shaped, 
cylindrical in 2/3 of their height, thin- 
ner in the upper third and dilated at 
the apex; their ovoid nuclei are hidden 
by granules of black pigment. The 
dumbbell-shaped sensory cells (SC) have 
basal nuclei and their apices project a 
little into the ocular cup. A gelatinous 
layer covers the retina. The connec- 
tive tissue under the retina is formed 
by cells bulkier than those of other re- 
gions of the tentacle, and includes spa- 
cious blood lacunae. 


3. Statocysts 


The statocysts (Figs. 23, 26, ST) are 
egg-shaped and connected with one an- 
other by a fibrous ligament attached to 
the body wall. In А. subrugosa, the 
epithelium of the statocyst consists of 
cubic cells with broad nuclei and sen- 
sory cells with filamentous, sometimes 
branched processes. 

The numerous statoconia have no 
growth lines. 


4. Osphradium 


The 2 yellowish semicircular papil- 
lae on either side of the floor of the 
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FIG. 27. Acmaea subrugosa: Cross-section of the median portion of the body. 


nuchal cavity are like those in Lottia 
(Bernard, 1890: 225). They are made 
up of spongy connective tissue and 
coated with flattened epithelium. In 
A. subrugosa, cylindrical 10 y high cells 
cover the anterior, inner and postero- 
basal areas of the left papilla and the 
anterior and inner suríaces of the right 
one. There are 2 types of cells: sup- 
porting cells with an ovoid nucleus of 
loose chromatin, and neuroepithelial 
cells with a dense fusiform nucleus; 
the latter are connected with fibers 
coming from the osphradial ganglion. 
The sensory epithelium has the same 
position in A. marcusi, but is less de- 
veloped on the right side. A band of 
cylindrical 12 y high epithelium, profuse- 
ly ciliated and containing sensory cells, 
accompanies the branchial nerve from 
the ganglion to the pericardium and to 
the efferent branchial vessel. These 2 
sensorial areas were already recognized 
by Thiele (1902: 327). According to 
Thiem (1917: 507), only the right one 
corresponds to an osphradium. In A, 
testudinalis, Yonge (1947: 466) consi- 
ders as an osphradium a sensory area 
on a small protuberance over the os- 
phradial ganglion, a little anterior to 
the left tubercle; on the right side he 
did not find an osphradial area. The 2 


sensorial epithelia may function as os- 
phradia because they are innervated by 
fibers of the same ganglion. 


5. Pallial tentacles 


Small tentacular prominences project 
at the margin of the mantle (Figs. 7, 8, 
PT). They consist essentially of con- 
nective tissue crossed by longitudinal 
muscle fibers; the low cylindrical epi- 
thelium contains some sensory cells. 
These are connected with branches of the 
circumpallial nerve. In A. subrugosa 
larger tentacles are situated near the 
circumpallial vessel; in A. marcusi 
they are quite small, and approximately 
equal in size, as in A. testudinalis 
(Fleure, 1904: 276). 


Excretory apparatus 


The kidney is similar in the 3 spe- 
cies. When the shell is removed, the 
right kidney (Fig. 27, RK) appearsgreen 
owing to the color of the granules in 
its epithelium. It surrounds almost 
the whole visceral mass, ending at the 
left side together with the pericardium. 
It extends ventrally on the right to the 
median pedal sinus and on the left for 
1/3 of this extent. Small renal pro- 
longations penetrate the peripheral in- 
tersticies between the viscera. Dor- 
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sally the right kidney leaves free alittle 
median area of digestive gland and gut. 
Small hollow trabeculae penetrate the 
perivisceral sinus, giving it afenestrate 
appearance. This kidney hasa large un- 
divided lumen. At the right anterior side 
it ramifies, and its lower branch passes 
through the diaphragm, entering the 
cephalic sinus; the upper branch tra- 
verses the mantle, accompanying the 
rectum for a little extent, and opens опа 
large papilla at the inner end of the nuchal 
cavity together withthe anus. This papilla 
is small in the male and clothed with a 
high glandular epithelium inthe females. 

The small left nephridium lies in the 
mantle, dorsal to and to the left of the 
rectum. The opening near its anterior 
end is dorsal to the rectum, a little 
behind the anus; it has no papilla. 

Willcox (1898: 439: A. fragilis) found 
only one kidney and considered it the 
originally left one, located mainly on 
the right side; topographically it cor- 
responds to the right kidney of the spe- 
cies I studied. 

The coating epithelium stands ona 
thin basal layer and is the same in 
both kidneys. It ‘consists “of 13.674 
high cells with ovoid basal nuclei (Fig. 
24). In the middle and below, the plas- 
ma contains many green granules. The 
sometimes enlarged apex bears long 
cilia. The cells are specially numerous 
in the areas adjacent to the blood sinu- 
ses. Near the columellar muscle and 
the gonad the epithelium of the right 
kidney is flattened, 2 » high, and the 
nucleus is obscured by granules. 

The wide renopericardial canal ori- 
ginates from the right side of the peri- 
cardium. Its epithelium is a continua- 
tion of the thin pericardial lining, and 
so the canal is difficult to follow. It 
goes to the right and forward, attains 
the lower face of the rectum, runs under 
the latter for a little way and then rami- 
fies. The left branch gradually nar- 
rows, and opens through the left wall of 
the left kidney, showing a papilla formed 
by high ciliated cells near the nephro- 
роге. The right branch narrows, as is 
characteristic of the Acmaeidae; its 
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opening is imperceptible and does not 
form a papilla. A similar position and 
branching of the canal was described in 
several Patellacea. Willcox (1898: 440) 
identified the right renopericardial com- 
munication with a pore on the left ante- 
rior wall of the right kidney, adjacent 
to the pericardium. 


Reproductive system 


The 3 species are dioecious, without 
external sexual dimorphism. A. fra- 
gilis (Willcox, 1898: 441) is protandrous 
with a brief hermaphroditic period. Ac- 
cording to Thorson (1935, in Fretter & 
Graham, 1962: 372), A. rubella is her- 
maphroditic. Thiem (1917: 589) did not 
find hermaphroditism in his Acmaeidae. 

The size of the gonad varies with the 
season. When fully developed, the gonad 
(Fig. 27, GO) covers the viscera ven- 
trally and laterally in both sexes. On 
its external surface it is in contact 
with the right kidney, except for a broad 
longitudinal band on the left apposed to 
the body cavity. In not quite mature 
animals it is possible to distinguish 
anteriorly a ventral, little developed 
right portion and a large left portion 
projecting dorsally at the posterior end 
of the nuchal cavity, between the peri- 
cardium and the rectum. This is the 
only part, visible when the shell is 
removed, which makes it possible to 
determine the sex without further dis- 
section. 

During growth, the ovocytes are fixed 
to trabeculae of the ovary by a short 
stalk through which they receive yolk 
granules. In A. subrugosa the eggs 
are released singly into water without 
mucous coat, as in A. virginea (Boutan, 
1898: 1888). The eggs are generally 
light green, sometimes violet or brown. 
Their average diameter is 94.25 u; 
their only cover is the vitelline mem- 
brane. 

The spermatozoon of A. subrugosa is 
15 y long, and has a conical head of 2 u. 
Animals with shells of 10 mm are sex- 
ually mature. On the coast of Sdo 
Paulo reproduction is most intense in 
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August and September. 
General remarks 


The 3 families of the Patellacea — 
Lepetidae, Acmaeidae and Patellidae— 
cannot be arranged in an unequivocal 
genealogical tree. The Lepetidae have 
primitive characteristics in their shell 
(Dall, 1876: 247; 1893: 412), but are 
geologically much younger thanthe other 
2 families. Their simple radula seem 
more reduced than primitive (Thiele, 
1935: 1041). The ctenidium of the 
Acmaeidae may be an ancestral charac- 
ter (Yonge, 1947: 493; 1960: 108), but 
Thiele (1931: 38; 1935: 1081) considers 
it a novelty. The visceral loop of 
acmaeids is shorter and more concen- 
trated, and hence farther advanced than 
in patellids. The Patellidae have a ra- 
dula less different from the rhipido- 
glossate type, and hence in this respect 
seem more primitive than the Acmaei- 
dae; in addition, they have an epipodial 
remnant. 

The Patellacea apparently appeared 
in the Triassic (Knight et al., 1960: 
231). According to Odhner (1923: 26, 
31, 33), the Archhelensis hypothesis 
(v. Ihering, 1927: 7), the Continental 
Drift Theory (Wegener, 1929: 7) and 
that of Continental Bridges (Schuchert, 
1932: 875; Willis, 1932: 917), the southern 
Atlantic Ocean is younger than the Pa- 
cific Ocean of the same latitudes. In 
so old a group as the Patellacea, the 
current preponderance of Acmaea in the 
old Pacific Ocean and that of Patella 
in the younger Atlantic cannot eluci- 
date their evolution. The recent cen- 
ters of specific radiation and those of 
origins may or may not coincide. 

The anatomical differences (mandible, 
radula, course of the intestine) between 
the 3 Brazilian limpets I consider to be 
species characters. However, I studied 
few specimens only and compared the 
insular populations with only one main- 
land population. Inter- or intra- popu- 
lation variation could exist along the 
Brazilian mainland coast. It is unknown 
whether the 3 Brazilian species have 


free-swimming larvae, such as those 
of A. virginea, studied by Boutan (1898, 
1899). 

I consider shell characters in the 3 
species to be less important than ana- 
tomical characters, because the close 
contact of the shell with the environment 
makes ecological variation probable. 
The radula seems to offer good specific 
characters in the number and form of 
denticles. Test (1946: 5) prefers to 
separate species by the basal ribbon; 
using this character, I did not arrive 
at definite conclusions with regard to 
distinguishing my species. Theanalysis 
of the course of the intestine, proposed 
by Haller (1894), was taken up by Fleure 
(1904: 280), who established relation- 
ships among the genera of the Doco- 
glossa. I have used this character and 
the shape of the mandible for the first 
time to distinguish species of Acmaea. 

Differentiation of the 3 allopatric 
species does not seem to be old. The 
volcanic island of Trindade arose in the 
Upper Pliocene (3.3 million years ago) 
and the island of Fernando de Noronha, 
also volcanic, in the Middle Pliocene (9 
million years ago). This information 
was kindly given me orally by Dr. 
Umberto Cordani (Department of Geo- 
chronology, Universidade de Sdo Paulo). 


DIAGNOSIS OF 
АСМАЕА MARCUSI БР. М. 


Shell solid, conic, with ovate base. 
Apex directed forward, height variable, 
periostracum usually eroded. Shell 
produced at its ends, with high, thin 
radial striae. Fully-developed limpets 
(9 specimens) average 18.5 mm in length, 
7.3 mm in height and 15 mm in greatest 
breadth. Color light brown, sometimes 
with white axial bands. A zone of radial 
dark brown bands along the inner margin, 
sometimes so numerous that they forma 
dark, almost continuous band. Colu- 
mellar scars nacreous and almost im- 
perceptible, with a narrow inner dark 
brown band limiting an innermost leaden 
surface fromthe whitish peripheral area. 
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Jaw slender, narrow, strongly concave 
anteriorly, widened and flattened back- 
ward, its thicker foremost third 
separated by a transverse furrow. 
Radula characterized by convergent 
inner edge of the 2 symmetrical second 
lateral teeth. 

Holotype, a complete limpet in the 
collection of the Museu Nacional, Rio 
de Janeiro, No. 3,200; further speci- 
mens in the Departamento de Zoologia, 
Secretaria da Agricultura, Estado de 
Säo Paulo. 

Named after Prof. Dr. Ernst Marcus. 
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RESUMEN 


SOBRE LAS ESPECIES BRASILENAS EN EL COMPLEJO 
DE ACMAEA SUBRUGOSA 


Las lapas marinas, Acmaea subrugosa d'Orbigny. 1841, А. 


noronhensts E. A. 


Smith, 1890, у A. marcusi п. sp. son descriptas en el presente trabajo. La primera 
se distribuye en la costa continental de Brasil, desde Alagoas hasta Rio Grande do 
Sul y también en Uruguay; la segunda de la Isla de Fernando de Noronha, y la tercera 
de la Isla de Trindade. Estas especies no se pueden distinguir consistentemente por 


la concha. 


Sin embargo, presentan diferencias en la mandíbula (Figs. 9-11), rádula 


(Figs. 12-14), tracto intestinal (Figs. 15-17) y algunos nervios periferiales. 
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ABCTPAKT 


О БРАЗИЛЬСКИХ ВИДАХ ИЗ ГРУППЫ ACMAEA SUBRUGOSA 
(GASTROPODA, PROSOBRANCHIA, PATELLACEA) 


Гильберто Риги 


Описываются морские блюдечки Астаеа subrugosa d’Orbigny, 1841, 
A. noronhensis E. A. Smith, 1890 и А. marcusi Sp. п. Первое отмечается 
для побережья Бразилии, от Алагааса до Рио-Гранде-до-Сул и для берегов 
Уругвая; второе - для о. Фернандо-де-Норонья и третье - для о. Тринидад. 
Они не могут быть достоверно определены по их раковинам. Однако, они 
различаются по мандибуле (рис. 9-11), радуле (рис. 12-14), топографии 
кишечника (рис. 15-17) и некоторым периферическим нервам. 
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THE FAMILY TRIPHORIDAE AND ITS SYSTEMATIC POSITION 
Sadao Kosuge 
National Science Museum, Tokyo, Japan 
ABSTRACT 


The Triphoridae have hitherto been referred to the Cerithioidea because of 
certain shell characteristics, although some recent authors have pointed out 
that the family differs from others of that superfamily in radula, alimentary 
tract and operculum. This paper deals with 16 Japanese species which are 
placed into 3 groups, according to their radulae and opercula. Together with 
another group reported by Risbec (1943), 4 groups are recognized within the 
family. 

The Ist of these groups has a multispiral operculum. The radular formula 
is 8-5-1-1-1-5-8. The rachidian and lateral teeth are multicuspid, the mar- 
ginals unicuspid. This group is represented by the common European Tri- 
phora perversa, the South American T. nigrocincta, the Japanese T. otsuensis, 
and some Japanese species of Notosinister. 

The 2nd group of the family has the same operculum as the first, but its 
radular formula is 7:6:3-6-7 Three pentacuspid rachidians are flanked by 6 
lateral teeth, which differ from them only in having 3 cusps. The marginal 
teeth are unicuspid as in the 1st group. A New Caledonian species, T. mon- 
trouzieri, and another undetermined species of Triphora, reported on by 
Risbec, are members of this 2nd group. 

The 3rd group has the same type of radula as the 2nd group in both number 
of teeth andcusps on each tooth, but the operculum is comparatively paucispiral 
(5 whorls), thereby differing from the former 2 groups. This group includes 
forms with the “three-mouthed type” of aperture, such as Iniforis concors and 
I. albogranosa, common to the Indo-Pacific area. 

The 4th group has a comparatively paucispiral operculum similar to that of 
the 3rd group. Its radular formula is n-1-1-1-n (n=9-30); the rachidian tooth 
has 3-5 cusps, the lateral is quadricuspid, and the marginals have 2-3 cusps. 
The majority of species of Mastonia, Inella, Litharium, Cautotriphora and 
Viriola are included in this group. 

In this paper, the hitherto known triphorid genera and sections are reviewed. 
A number of forms have been rearranged from the viewpoint of anatomy and 
shell into 3 new subfamilies: the Triphorinae (group 1), the Iniforinae (groups 
2 and 3) and the Mastoniinae (group 4), of which the Triphorinae are con- 
sidered the most primitive and the Mastoniinae the most advanced. Eleven 
genera are recognized and a new genus, Risbecia, is proposed for “Triphora” 
montvouzieri. 

According to features of their digestive tracts, such as the acrembolic pro- 
boscis, the presence of an oesophageal pouch, their radulae and the spiral 
(not lamellate) opercula, it is not appropriate either to retain the family Tri- 
phoridae in the essentially taenioglossid superfamily Cerithioidea or to place it 
in the neogastropod suborder Stenoglossa. For these reasons the author has 
already established a new superfamily Triphoroidea in the order Meso- 
gastropoda. This newly proposed superfamily is placed closer to the super- 
family Epitonioidea. Furthermore, a new suborder, the Heterogastropoda, 
(Habe et Kosuge, 1966), which includes the Triphoridae, Mathildidae, Architec- 
tonicidae and Epitonioidea (Ptenoglossa), is distinguished from both the 
Taenioglossa and Stenoglossa. 
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INTRODUCTION 


Triphorid snails usually live inthein- 
tertidal zone of rocky shores or coral 
reefs of tropical to temperate regions, 
but some are known to live on the ocean 
bottom up to depths of 500 m, or in arctic 
seas. They are frequently found on 
various sponges suchas Halichondria, on 
which they crawl, or in whichthey partly 
or completely bury themselves. In such 
a habitat they feed on tissues of the 
sponge, and have large numbers of mono- 
taxon, siliceous spicules in their diges- 
tive tracts. Observations on Japanese 
triphorids suggest that they normally eat 
only sponges. 

The family Triphoridae is the only 
typically sinistral group among the ma- 
rine Gastropoda, and the arrangement of 
the organs in the mantle cavity and of 
the nervous system is a reversal of 
that occurring in the dextral gastropods. 

Members of the family Triphoridae are 
easily recognized by their subulate or 
somewhat inflated conical spires and 
their sinistrally coiled shells, features 
which, except for a few dextral Tertiary 
fossil species (Triforis) of doubtful sta- 
tus, from the Paris Basin, are constant 
for the family. 

The shell form in the Triphoridae is 
more or less elongate; some species 
have a subulate, long spire, but other 
species have short inflated and spindle- 
shaped spires. The shells are generally 
small, but there is considerable varia- 
tion in the relative sizes of the various 
species, ranging from 3-40 mm or more 
in their adult form. 

There are a few outstanding characters 
by which genera and subgenera can be 
easily recognized and separated. These 


characters are mainly shell sculpture, 
the protoconch, radulae and opercula. 

The shell sculpture consists of a few 
smooth spiral ridges or granulate rows 
on each whorl. Usually there are a 
few rows of rounded or spirally elon- 
gated granules, whichare very often con- 
nected by spiral and axial costae. But, 
in a few species, there are2or 3 smooth 
spiral ridges, which are sometimes 
mixed with a granulated spiral row. 

Anatomical studies of the family are 
rather scanty and relatively recent. In 
the present paper a systematic scheme 
within the family is proposed whichtakes 
into consideration all known features 
(in particular the radulae and opercula) 
in conjunction with the shell. 


MATERIALS AND METHODS 


The anatomical data inthis paper prin- 
cipally concern Mastonia limosa, which 
is described in detail. For 15 other 
Japanese species belonging to 7 genera, 
the data concern mainly the radulae and 
opercula, because the anatomy of these 
Species was found- to be very similar 
to M. limosa. 

The radulae were prepared and studied 
in detail by mounting them unstained in 
glycerin jelly. Only fully formed teeth 
were included in the count of radular 
rows. Teeth 1/2 the size of the ma- 
jority in the radular ribbon were con- 
sidered nascent. Gross anatomy of 
each species was studied.. At least 3 
animals of each species, preserved in 
70% alcohol without previous relaxation, 
were dissected in order to gain a con- 
cept of the relations of the organs. The 
terminology of the soft partsis primarily 
that of Fretter & Graham (1962). 


A A ee — ———— 


PLATE I. Shells of some Japanese Triphoridae (X8) 


1. Litharium kurodai (Kosuge); 2. Viriola connata (Montrouzier); 3. Mastonia rubra (Hinds); 


4. Cautotriphora pavimenta (Laseron); 


5. Iniforis concors (Hinds); 


6. Inifovis albogranosa 


(Kosuge); 7. Mastonia conspersa (Smith); 8. Viriola tricincta (Dunker); 9. Cautotriphora alveo- 


lata (Adams & Reeve); 
12. Triphora otsuensis (Yokoyama); 
(Hervier); 15. Cautor hungerfordi (Sowerby). 


10. Mastonia monilifera (Hinds); 
13. Mastonia undata 


11. Cautotriphora hervieri (Kosuge); 
(Kosuge); 14. Mastonia ustulata 
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HISTORICAL REVIEW 


Although conchological studies of the 
Triphoridae were begun long ago, there 
have been only a few anatomicalinvesti- 
gations or systematic studies based on 
valid premises. Fischer (1887) reported 
on the radula of Triphora perversa (Lin- 
naeus), a Species commonly found in the 
European and Arctic seas. Its radular 
formula was reported to be 8:1:1-1-8. 
Shapes of the radular teeth were shown 
more exactly by Fretter (1951). Risbec 
(1943) dissected T. montrouzieri (Her- 
vier) and another undetermined species 
of Triphora, and described their diges- 
tive organs and radulae. The formula 
for these 2 species was reported as 
n’-n-3-n-n’ (n=5 or 7, n+n’=13). Fret- 
ter (1951) presented a detailed report 
on the interesting relationships between 
the oesophagus and the opening of the 
salivary duct in T. perversa, and pointed 
out certain similarities with the steno- 
glossan Buccinoidea, especially in the 
oesophageal pouch. Johansson (1953) 
closely examined the genital organs of 
T. perversa, making observations which 
were inconsistent with those of Fretter 
in many respects. For example, he 
pointed out that the glandular pallial ovi- 
duct, which was described by Fretter as 
an open groove, is actually a wholly 
closed canal throughout its length. 

Risbec (1955) noted that the Triphori- 
dae differed from the other “cerithiids” 
in radulae and digestive organs. He 
judged the triphorids to be more closely 
related to the stenoglossan family Co- 
lumbellidae (Buccinoidea) than to the Ce- 
rithiodea and he believed that a new group 
should be created, intermediate between 
the Mesogastropoda and the neogastro- 
pod Stenoglossa. Taylor & Sohl (1962), 
unable to allocate them to a Suitable 
place, list them in the Cerithioidea. 

Marcus & Marcus (1963) examined 
Triphora nigrocincia (С. В. Adams) and 
figured its genital organs and radula. 
The radular formula and shape of the 
teeth are closely similar to those of 
T. perversa. Kosuge (1964), studying 


10 triphorid species fromthe Japanese 
area, reported 2 different forms of ra- 
dulae and opercula, and established a new 
superfamily, Triphoroidea,in the Meso- 
gastropoda. One form of radula anda 
multispiral operculum was found in Tri- 
phora otsuensis and 2 undetermined spe- 
cies of the genus Notosinister; another 
form and relatively paucispiral opercula 
in Mastonia rubra and other 6 species 
of Mastoniinae. These features are re- 
described precisely in this paper. This 
author has now carefully reviewed the 
former studies and in the present paper 
presents a more definitive systematic 
treatment of the family. 

In this and the following paragraphs, 
the nominal triphorid genera occurring 
in the literature are reviewed. Since 
Blainville (1828) first established the 
genus Triphora as a taxon of cerithiid 
molluscs, over 50 generic or subgeneric 
names have been placed in the family. 
The name Triphora has been regarded 
as a synonym of Triforis, which was 
originated by Deshayes (1834) for a 
fossil species from the Eocene Paris 
Basin. Triforis was later erroneously 
considered to date from 1824 and, accor- 
dingly, the name Triforis had been widely 
considered to have priority inthe family. 
However, later investigations have shown 
that the genus Triforis can no longer be 
considered representative for the family. 
If maintained, it must be restricted to a 
minor group typified by the Eocene dex- 
tral fossil T. plicata Deshayes. Tri- 
stoma was established by Menke (1830) 
as a subgenus of Triforis. 

Hinds (1843) named 3 subgenera (trea- 
ted as genera by latter authors: Jno, 
Sychar and Mastonia) and many species. 
Since Jno is preoccupied by an entomo- 
logical generic name (Leach, 1815), 
Bayle (1878) proposed a substitute name, 
Inella. Jousseaume (1884) established 
7 new genera: Trituba, Iniforis, Masto- 
niaeforis, Stylia, Metalepsis, Euthymia 
and Viriola. The genus Euthymia is 
preoccupied (Stal, 1876), and Thiele 
(1931) proposed a substitute name, Zu- 
thymella. Bucquoy, Dautzenberg & Doll- 
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fus (1884) established Biforina as a sub- 
genus of Triforis. Harris & Burrows 
(1891) proposed Ogivia and Epetrium as 
generic names for European triphorid 
fossils. Oliver (1914) established the 
genus Sinistroseila, withthe type species 
T. incisa (Pease). Dall (1924) estab- 
lished 2 genera on the nature of their 
protoconch, Strobiligera and Litharium. 
Finlay (1927), intreatingthe Triphoridae 
of New Zealand, recognized 3 new ge- 
nera, Notosinister, Cautor and Teretri- 
phora. 

Cotton & Godfrey (1931) summarized 
the South Australian Triphoridae, main- 
taining Finlay’s genera and also naming 
3 new genera, Eutriphora, Isotriphora 
and Hypotriphora. Thiele (1931) recog- 
nized 8 genera in his Handbuch der 
systematischen Weichtierkunde: Tri- 
phora, Litharium, Inella, Iniforis, Euthy- 
mella, Mastonia, Viriola and Sychar. He 
treated Tristoma, Biforina and Notosi- 
nister as synonyms of Triphora, and 
Mastoniaefovis as a synonym of Mas- 
tonta. He ignored the other nominal 
genera and subgenera. Vayssiere (1931) 
proposed the name Sinusigeva dautzen- 
bergi for a larval stage of T. perversa. 
Wenz (1938) used only 4 generic names, 
Triforis, Triphora, Viriola and Sychar. 
He restricted Triforis to a fossil group 
and subdivided it into 3 sections: Tri- 
tuba, Epetrium and Triforis (s. str.). 
He included 13 sections in Triphora: 
Triphora (s. str.), Eutriphora, Noto- 
sinister, Cautor, Isotriphora, Teretri- 
phora, Hypotriphora, Sinistroseila, Ogi- 
via, Litharium, Inella, Euthymella and 
Mastonia. Tristoma and Biforina were 
considered synonyms of /nella. Laws 
(1940) in treating the fossil Mollusca 
of New Zealand, proposed a new sub- 
genus, Cautotriphora, for the genus Noto- 
sinister. Olsson & Harbison (1953) 
established 2 new Pliocene fossil sub- 
genera, Cosmotriphora and Cinctri- 
phora, for the genus Triphorain southern 
Florida. Laseron (1954), in his paper 
on the Triphoridae of New South Wales, 
Australia, recognized the genera Noto- 
sinister, Isotriphora and Teretriphora, 


and named 2 additional genera, Solo- 
sinister and Magnosinister. This same 
author (1958) established 13 new genera: 
Contraforis, Epiforis, Orbitophora, Opi- 
maphora, Nanaphora, Coriophora, Aclo- 
phora, Distophora, Liniphora, Mesopho- 
та, Subulophora, Tetraphora and Tor- 
тезорйота in his paper on North Aus- 
tralian Triphoridae. In addition, he 
recognized the following 8 previously 
named genera: Iniforis, Triphora, Mas- 
toniaeforis, Sychar, Viriola, Inella, Eu- 
thymella and Mastonia. 

Kosuge (1961-63), in adopting La- 
seron’s system, recognized and used the 
following 17 genera and subgenera for 
the Triphoridae of Japan: Triphora, 
Sychar, Viriola, Inella, Euthymella, 
Mastonia, Notosinister, Tetraphora, Iso- 
triphora, Cautor, Contraforis, Iniforis, 
Epiforis, Orbitophora, Teretriphora, Li- 
ntphora and Distophora. 


OBSERVATIONS 


Anatomical features of some 
Japanese Triphoridae 


Mastonia limosa 
(Figs. 1-5, 9-20) 


The horny, brownish, paucispiral 
operculum has 5 whorls. The rather 
large foot (Fig. 3) is truncated in front 
and tapers to a blunt point posteriorly. 
A longitudinal pedal groove runs along 
the mid-line of the sole, becoming gra- 
dually deeper and wider towards its 
posterior end. The pedal mucous glands 
open into this groove and secrete abun- 
dant amounts of mucous threads, which 
are used as a climbing rope or to se- 
cure the animal on wave-swept rocks. 
The epipodial wall is yellowish-white 
with opaque spots. 

The tentacles (t, Figs. 1, 4) are 
slender and have the same coloration as 
the epipodium. The eyes (e, Figs. 1, 4) 
are black and are situated near the base 
on the outside of the tentacles. There 
is an oval cuticular lens in the cavity 
of the eye. The retina is formed by 
black pigmented cells, which are easily 


Jousseaume, 1884. 
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FIGS. 1-4. Mastonia limosa (Jousseaume). FIG. 1. Body with shell removed; mantle and 
body wall cut open dorsally in body whorl. FIG. 2. Ctenidium and osphradium. FIG. 3. Ven- 
tral view of foot. FIG. 4. Anterior part of head. 


FIGS. 5-8. Squamate jaw plates of some Triphoridae (X370). FIG. 5. Mastonia limosa. 
FIG. 6. Cautotriphora alveolata. FIG. 7. Iniforis albogranosa. FIG. 8. Viriola tricincta. 


LIST OF ABBREVIATIONS IN TEXT FIGS. 1-20 


au auricle oep  oesophaegeal pouch 

ba bulbus aortae os osphradium 

be buccal cavity orn oral nerve 

bg buccal ganglion pg pedal ganglion 

cg cerebral ganglion pgr pedal groove 

сре  cerebropedal connective plpc pleuropedal connective 
cple cerebropleural connective pr proboscis 

ct ctenidium prg propodial ganglion 

e eye 1 radular ribbon 

ебу efferent branchial vein rm retractor muscle 

env efferent vein of nephridial gland rplg right pleural ganglion 
gm gelatinous mass sgl salivary glands 

h heart sl slit in mantle 

i intestine soe  sub-oesophageal ganglion 
j jaw plate spoe supra-oesophageal ganglion 
k kidney st stomach 

Iplg left pleural ganglion ve ventricle 

mf muscle fibre (not nerve) t tentacle 


oe oesophagus tn tentacular nerve 
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stained with hematoxylin. 

Because of the sinistral coiling of the 
animal, the ctenidium and osphradium 
are situated on the right side, and the 
rectum and pallial oviduct are on the 
left side, an orientation that is just the 
opposite of that found in dextral gastro- 
pods. There is a narrow dorsal slit 
(sl, Fig. 2) on the right side of the 
mantle. The inner surface of the mantle 
is smooth on the right side, while there 
are many folds on the left side. The 
ctenidium (ct, Figs. 1, 2) is rather short 
in proportion to the length of the pallial 
cavity, and ends on the right side at 
about 1/2 the length of the cavity. An 
efferent branchial vessel may be traced 
back from the posterior end of the cteni- 
dial axis to the heart. Each of the 
approximately 54 leaflets of the cteni- 
dium (Figs. 13, 14) is small and has 
a low triangular shape. The osphra- 
dium (os, Fig. 2) runs along the right 
side of the ctenidium, parallel to its 
axis and is almost the same length as 
the ctenidium. The osphradiumisanar- 
row, yellow, pigmented ridge, which has 
a shallow groove on the mid-line of the 
dorsal surface; it consists of 2 cell 
layers, the outer one consisting of rod- 
shaped cells that contain yellow pigment. 
The inhalent current passes into the 
pallial cavity on the right side through 
the rather tubular mantle edge. The 
strong exhalent current leaves оп the left 
side. There are long, rod-shaped pro- 
cesses on the left side of the mantle 
edge and the body wall, the so-called 
“pallial tentacles”; their surface is co- 
vered by conspicuous cilia, which assist 
in producing the exhalent current. These 
interesting structures are found in the 
rissoid snails and may have the same 
characteristics as those found in the 
Ptenoglossa and Opisthobranchia, but 
they do not occur in the cerithiids. The 
hypobranchial gland is broad, thick, dull 
white and semi-transparent. It becomes 
thicker and broader toward its posterior 
end. 


Alimentary tract 


A gelatinous, very large, opaque- 


white, soft mass (gm, Fig. 1), which al- 
most fills the anterior part of the head, 
lies between the mouth opening and the 
cerebral ganglia. Its cells are large 
and similar to mucus cells. The long 
muscular proboscis (pr, Fig. 17) con- 
tinues from this swelling and extends 
posteriorly. Whenitintroverts, it passes 
through the constricted oesophageal 
nerve ring and comes to lie in the first 
whorl of the shell. The buccal cavity 
is then situated in the terminal part of 
the proboscis and is not expanded. The 
jaw (j, Fig. 16) is attached at the an- 
terior tip of the buccal cavity and is 
covered on the top by the radular ribbon. 
It consists of a pair of wing-shaped 
plates (Fig. 5) which are joined on their 
dorsal edges. Each of these plates 
is covered with numerous elongate- 
quadrangular scales with aculeated 
tops. 

The radular ribbon (r, Fig. 16) is not 
long, only about 3x the length of the 
buccal cavity; 2/3 of it lie in the radu- 
lar sac. The radular sac extends along 
the oesophagus and has a weak swelling 
at its end. Each transverse radular row 
contains 37 very minute teeth, of the 
formula 17-1-1-1-17,.+ The. rachidian 
tooth attains a width of 1.8 and a height 
of 1.24. It has 3 cusps, of which the 
central one is larger. The lateral tooth 
is somewhat larger than the rachidian 
and has 4 cusps of equal size. The mar- 
ginal teeth are smaller than the others 
and are bicuspid (Fig. 33a, b, c). 

The oesophagus is looped at the end of 
the radular sac and extends to the sto- 
mach. The salivary glands (sgl, Figs. 
9, 16) lie on the dorsal side, ranging 
from the tip of the proboscis to the an- 
terior part of the oesophagus. On the 
animal’s right side, secretion from the 
salivary glands is poured out by a duct 
leaving the glands at a point 1/3 the 
distance from the anterior end, and en- 
tering the anterior part of the oesopha- 
gus. 

An oesophageal pouch (oep, Figs. 9, 
11, 16) runs dorsally along the mid- 
and posterior 1/3 of the oesophagus, 
and opens into the oesophagus at the end 
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FIGS. 9-20. Mastonia limosa (Jousseaume). FIG. 9. Oesophageal pouch. FIG. 10. Sto- 
mach. FIG. 11. Oesophageal pouch (sagittal section). FIG. 12. Heart and kidney. FIGS. 13, 
14. Leaflets of ctenidium. FIG. 15. Heart. FIG. 16. Buccal cavity. FIG. 17. Anterior 
part of proboscis. FIGS. 18-20. Cephalic ganglia. FIG. 18, dorsal view; FIG. 19, lateral 


view; FIG. 20, frontal view. 
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of its posterior part; it is an expanded 
gland, forming a series of transverse 
folds which subdivide the lumen. Each 
fold consists of 2 layers, with a narrow 
space between them, which are separated 
from each other by a thin membrane. 

The stomach (st, Fig. 10) lies entirely 
in the visceral mass, mainly onthe outer 
side towards the animal's right; it is 
an elongated smooth pouch extending 
through more than 2/3 of a spiral whorl. 
The oesophagus (oe, Fig. 10) opens into 
it about half way between its 2 ends. The 
intestine (i, Fig. 10) leaves the topo- 
graphically anterior end of the pouch, 
whose opposite, posterior end is blind. 
Internally the cavity of the anterior half 
of the stomach is weakly crenated and 
the duct of the digestive gland opens 
into it. 

The intestine (i, Fig. 1) runs from 
the right side of the body across to the 
left in a C-shaped loop and enters the 
left side of the mantle, along which it 
passes anteriorly to open at the anus. 
The initial part of the intestine slightly 
swells and then narrows; the remainder 
is rather broad. The rod of faecal 
matter is segmented into spindle-shaped 
pellets, which mainly consist of sponge 
spicules. 


The excretory organ 


The kidney (k, Fig. 12) is a small 
corrugated mass that lies on the right 
side of the visceral mass and abuts 
against the upper end of the mantle ca- 
vity. It opens into that cavity by a very 
narrow slit-like aperture. It lies next 
to the heart and a part of the genital 
duct. 


Circulatory system 


The heart (h, Fig. 12; Fig. 15), lying 
within the coelomic pericardial cavity 
along the right side ofthe visceral mass, 
anterior and ventral to the kidney, is 
in contact with the innermost end of the 
pallial cavity. The auricle (au) is con- 
nected with the ctenidium through a long 
efferent branchial vessel (ebv) along the 
right edge of the cavity. The anterior 


aorta runs forward on its way to the 
head and foot. 


Nervous system 


The nerve ring lies behind the gela- 
tinous oral mass (gm, Fig. 1) which 
fills the initial part of the proboscis. 
The cerebral ganglia (cg, Figs. 17-20) 
are connected to one another by the cere- 
bral commissure, and to the pleural 
and pedal ganglia by connectives. They 
are large and lie close together, giving 
off the ocular, tentacular and oral 
nerves (tn, orn, Figs. 18-19). The 
left pleural ganglion (Iplg, Figs. 18, 19) 
lies close behind, and a little ventral 
to the left cerebral ganglion. The right 
pleural ganglion (rplg, Figs. 18, 19) 
lies under the right cerebral ganglion. 
The pleural ganglia are slightly smaller 
than the cerebral ganglia and are con- 
nected to the pedal ganglia by pleuro- 
pedal connectives (plpc, Fig. 19), which 
run alongside the cerebropedal con- 
nectives (cpc, Fig. 20). The left pleural 
ganglion gives rise to a connective, 
running along the dorsal side of the pro- 
boscis, to the supra-oesophageal gan- 
glion (spoe, Figs. 17, 19). This latter 
ganglion lies on the right and gives off 
a connective to the visceral ganglion; 
it is also the origin of the branchial 
and osphradial nerves. The right pleural 
ganglion gives rise to a connective which 
runs along the ventral side of the pro- 
boscis to the suboesophageal ganglion 
(soe, Figs. 17-19) lying on the left. The 
arrangement of the nerves is the re- 
verse of that foundin dextral gastropods. 

The pedal ganglia (pg, Figs. 19, 20) 
are slightly smaller than the cerebral 
ganglia. Anterior and posterior main 
nerves arise from both pedal ganglia. 
The antero-pedal nerves have a small 
propodial ganglion (prg, Figs. 19, 20) 
at their base. Each of the pedal ganglia 
also gives rise tonervesto various parts 
of the foot. The buccal ganglia (bg, Fig. 
16) are located laterally of the buccal 
cavity at the point where the oesophagus 
and the radular sac originate from the 
buccal cavity. 
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Reproductive organs 


1) Female tract 

In the female, the sperm collecting 
duct opens at the terminal end of the 
mantle cavity. It is joined to the bursa 
copulatrix, which is situated between the 
kidney, intestine and body wall. The 
bursa copulatrix is extremely large 
and pupa-shaped and broader at its 
posterior part. This pouch on the one 
hand receives the sperm collecting duct 
and on the other gives off a narrow duct 
to the receptaculum seminis, running 
parallel to the sperm collecting duct. 
The receptaculum seminis is a small 
semitransparent pouch that is connected 
to the ovary by a narrow oviduct. The 
ovary is tessel-shaped and lies in the 
visceral hump. After joining with re- 
ceptaculum seminis, the oviduct runs 
forward to the mantle cavity and con- 
tinues as the glandular oviduct; at the 
point where it crosses the intestine a 
broad blind sack extends at its upper 
end. The glandular oviduct coils and 
continues downwards along the left side 
of the intestine to the female pore near 
the anus. In the terminal part of its 
course it is a circular tube surrounded 
by semitransparent mucus glands. 

2) Male tract 

The testis resembles the ovary in ap- 
pearance; the tubules of the testis lead 
into the testicular duct which runs 
towards the mantle cavity. The duct 
then narrows and extends along the left 
side of the intestine, opening near the 
anus. Since a penis is missing, the 
spermatheca are conveyed directly to 
the female mantle cavity. 


The gross anatomy of the soft parts, 
is essentially the same in all 16 Japa- 
nese species examined; for this reason 
it is not redescribed in the following 15 
species, which are defined primarily on 
the basis of their radulae and opercula. 
Some anatomical features when distinc- 
tive, are indicated. 


Mastonia rubra (Hinds, 1843) (Pl. 1, 


Fig. 3; Text figs. 26a, b, c) 


The operculum is horny and pauci- 
spiral. The pentacuspid rachidian tooth 
is bordered on each side by quadri- 
cuspid lateral teeth and tricuspid mar- 
ginals; the radular formula is 
12-1.1.1-12. In general, radular char- 
acteristics of this species are close to 
Mastonia limosa, except for the greater 
number of cusps on the rachidian (5 vs. 
3) and marginals (3 vs. 2) (see pattern 
typical for Mastoniinae, Fig. 33). 


Mastonia undata (Kosuge, 1962) 
(Pl. 1, Fig. 13) 


The operculum is horny and pauci- 
Spiral. 

The osphradium is thick and broad. 
The cerebral ganglia are rather large 
in proportion to the head. The looping 
area of the oesophagus is rather short. 

The radula consists of a tricuspid 
rachidian tooth, the quadricuspid laterals 
and bicuspid marginals. The radular 
formula is 14-1-1-1-14. 


Mastonia ustulata (Hervier, 1897) 
(Pl. 1, Fig. 14) 


The operculum is somewhat thick, 
horny and paucispiral. 

All of the radular teeth are almost 
the same size, attaining 1.8y in breadth 
and height, except the marginals, which 
are 1.24 broad. The radular formula is 
21-1-1-1-21. The tricuspid rachidian 
tooth is bordered by quadricuspid la- 
terals and bicuspid marginals. 


Mastonia monilifera (Hinds, 1843) 
(Pl. 1, Fig. 10) 


The operculum is thick, horny and 
paucispiral. 

All of the teeth are extremely minute 
and nearly equal in size, attaining 1.24 
in breadth and 1.44 in height. The ra- 
chidian tooth has 3 cusps, of which the 
median is smaller than the others. The 
lateral teeth have 4 cusps almost equal 
in size. The marginals have 2 cusps, 
of which the outer is larger. The ra- 
dular formulas 17.1: 11217. 
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Mastonia conspersa (Smith, 1875) 
(PAL rie 47) 


The operculum is horny and pauci- 
spiral. 

The radular formula is 17-1-1-1-17, 
the rachidian being tricuspid, the laterals 
quadricuspid and the marginals bicuspid. 


Viriola tricincta (Dunker, 1860) 
(Pl. 1, Fig. 8; Text figs. 8, 27a, b, c) 


The operculum is thin, horny and 
paucispiral. 

The osphradium is rather broad. 

The radula consists of numerous rows 
of minute teeth; the tricuspid rachidian 
tooth is bordered on each side by quadri- 
cuspid lateral and bicuspid marginal 
teeth, the radular formula being 
DER: 1-1: 16: 


Viriola connata (Montrouzier, 1862) 
(PL 1, Fig. 2) 


The operculum is horny and pauci- 
spiral. 

The tricuspid rachidian tooth is bor- 
dered on each side by quadricuspid la- 
teral and bicuspid marginal teeth. The 
radular formula is 19-1-1:1:19. 


Cautor hungerfordi (Sowerby, 1914) 
(PI. 1, Fig. 15; Text figs. 25a, Ъ, с, 32) 


The operculum is horny and pauci- 
spiral. 

The tricuspid rachidian tooth is bor- 
dered on each side by quadricuspid la- 
terals and bicuspid marginals, the ra- 
dular formula being 17-1-1-1-17. 


Litharium kurodai (Kosuge, 1962) 
(Plo, Fig. 1: Text fig. 24a, Б, с) 


The operculum is horny and pauci- 
spiral. 

The radula consists of numerous rows 
of minute teeth with the formula 
14-1-1-1-14. In each row the penta- 
cuspid rachidian tooth, whose outer cusps 
are extremely minute, is bordered on 
each side by a single quadricuspid lateral 
tooth with small median cusps. The 14 
marginal teeth are bicuspid, with cusps 
of unequal size. 


Cautotriphora pavimenta (Laseron, 1958) 
(P1. 1, Fig. 4) 


The operculum is horny and pauci- 
spiral. 

The radular formula is i-1-1-4-+11, 
and consists of the pentacuspid rachidian 
tooth similar in shape to that reported 
for Inifovis concors, the quadricuspid 
lateral teeth, and tricuspid marginal 
teeth. 


Cautotriphora alveolata (Adams & Reeve, 
1850) (Pl. 1, Fig. 9; Text figs. 6, 23a, 
b, c) 


The operculum is horny and pauci- 
spiral with 3 whorls. 

The proboscis sheath is rather short, 
continuing to the buccal bulb, which con- 
tains the jaw-plates and radula. Thejaw 
consists of 2 scutiform plates, whichare 
covered with numerous fine scales. 

The radular formula is 9-1-1-1-9. 
The number and shape of the cusps of 
the teeth are as in C. pavimenta. 


Cautotriphora hervieri (Kosuge, 1962) 


(Pl. 1, Fig. 11) 


The operculum is horny and pauci- 
spiral. 

The radular formula is 9-1-1-1-9. 
The number and shape of the cusps of 
the teeth are as in C. pavimenta and C. 
alveolata. 


Iniforis concors (Hinds, 1843) (Pl. 1, 
Fig. 5; Text figs. 22a, b, c, 31) 


The horny operculum has 5 whorls, 
i.e., is paucispiral. 

The mantle cavity is broad and long. 
The osphradium, also running along the 
right side of the ctenidium, is narrow 
and elongate. The proboscis is a broad, 
multifolded, muscular tube that is ra- 
ther short when it introverts. The buc- 
cal cavity is rather small and not very 
inflated. The jaw consists of 2 plates 
which are somewhat obelisc-shaped, ta- 
pering to the anterior end, and connected 
at the dorsal margin. The small and 
inflated salivary gland enlarges toward 
the posterior end. It borders on the 
oesophageal pouch, which runs along the 
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FIGS. 21-27. Radular teeth of some Triphorids: a. rachidian; b. lateral; c. marginal. (Figs. 
21-27 drawn to same scale). FIG. 21. Inifovis albogranosa. FIG. 22. Iniforis concors. FIG. 


23. Cautotriphora alveolata. 
marginal) FIG. 24. Litharium kurodai. 
rubra. FIG. 27. Viriola tricincta. 


oesophagus from the terminal end of the 
pallial cavity to the front ofthe stomach. 
The pallial oviduct is extremely large and 
occupies the greater part of the posterior 
mantle cavity. 

The radular formula is 7:6-3-6-7, 
with pentacuspid rachidians, tricuspid 
laterals and unicuspid marginals (com- 
pare with typical subfamilial arrange- 
ment in the Iniforinae, Fig. 34). 


Iniforis albogranosa (Kosuge, 1961) 
(PL Fig. 6: Text fig. 21а. b,c) 


The operculum is horny and compara- 
tively paucispiral. 

The buccal cavity is wellinflated. The 
looping part of the oesophagus is long. 
The oesophageal pouch is somewhat nar- 
row, forming rather coarse folds in it. 

The radular formulais 6-2-3-2-6. The 
number of cusps on the different teeth 
parallels that in J. concors. 


(the larger 23c is an inner marginal; the smaller 23c is an outer 
HIG. 25. 


Cautor hungerfordi. FIG. 26. Mastonia 


Triphora otsuensis (Yokoyama, 1920) 
(PL, Fig. 12; (Text. figs: 28,129, 
353, 016) 


The operculum is horny and multi- 
spiral. 

The radular: formula is. 5-1:1-175) 
each row consisting of multicuspid rachi- 
dian and lateral teeth, and unicuspid mar- 
ginal teeth. The inner 3 cusps and the 
outer cusp of the lateral tooth are 
stronger than the other cusps. 

The general features of the soft parts 
of this species are similar to those re- 
ported for T. perversa. 


Shell features in Triphoridae 


Protoconch 

Three types of protoconch are recog- 
nized in the Triphoridae. 

The 1st type is a narrow conical form 
of about 5 whorls tapering to the summit. 
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FIGS. 28-32. Opercula of some Triphorids. 


Same in cross section. FIG. 30. 
(X23). FIG. 32. Cautor hungerfordi (X23). 


Each whorl shows a sculpture of 1-2 
Spiral ridges, crossed by numerous axial 
threads, resulting in a sort of mesh- 
work. This sculpturing is common to 
many members of the family and can be 
used only as a feature for specific dis- 
crimination. 

The 2nd type of protoconch is short 
and few-whorled; it sometimes has a 
mammillate apex that is rather smooth 
and sometimes weakly crenated either 
spirally or axially. This protoconch is 
taken as a generic characteristic of 
Cautor, Sychar and Epiforis. 

In the 3rd type of protoconch the 
sculpture usually has the same type of 
granules as the adult whorl throughout; 
in some species, the top of the initial 
whorl is slightly smooth. The proto- 
conch is completely immersed in the 
Shell. This type occurs in the genus 
Litharium. 

The smooth, glossy and subulate proto- 
conch, so common in the family Ceri- 
thiopsidae, whose shells resemble those 
of the Triphoridae, was not detected in 
any of the triphorid species. 
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FIG. 28. Triphora otsuensis (X80). FIG. 29. 
Cautotriphora alveolata (X23). FIG. 31. Iniforis concors 


Shell sculpture 


The shell sculpture of the family is 
of primary importance, both specifically 
and generically. It consists of spiral 
rows of granules or of smooth spiral 
cords. Some species have both granules 
and smooth ridges mixed. The number 
of granular rows, ranging from 2-4 on 
each whorl, has been considered as a 
definite feature of each genus, e.g., the 
group having 2 rows of granules is re- 
presented by the genus MasStonia (com- 
pare Pl. 1, Figs. 3, 7, 13, 14) and the 
arrangement with 3 rows is widely seen 
in Triphora and other genera (e.g., Pl. 
1, Figs. 9, 11, 12). Laseron (1958) pro- 
posed the genus Tetraphora for species 
with 4 rows of granules. However, the 
granular rows are sometimes variable 
in number. For instance, thereis some- 
times a minute row of granules between 
2 other rows; also, in the group with 3 
rows, the median row is narrower and 
obscure on the earlier whorls of the 
Spire. 

The spiral cords are the most essen- 
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Radular measurements, in micra, of 16 Japanese Triphorids 
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tial characteristic feature of the genus 
Viriola (Pl. 1, Figs. 2, 8). A distinc- 
tive sculpture is also found in the 
genera /nella and Euthymella; in both, 
the granules are few in number, spirally 
elongate, and overridden by spiral 
ridges. 


Shell aperture 


A remarkable feature of the Triphori- 
dae are the well developed anterior and 
posterior canals situated at the upper 
and lower portions of the shell aper- 
ture. After the formation of the body 
whorl is completed, 2 types of siphonal 
aperture may be discriminated. 

In the 1st type of aperture, the anterior 
Siphonal canal varies from a shallow 
groove to a well developed canal; the 
anterior margin of the outer lip of the 
Shell aperture is thin and bent in a 
sharp fold, which develops into a nar- 
row spur. This spur may either fall 
short of, or reach, the columella and 
does then partially or completely en- 
close the anterior siphonal canal, so that 
the canal opens within the aperture. 
Externally the anterior siphonal canal 
may be prolonged into a comparatively 
long tube. The posterior siphonal canal 





is a shallow sinus or, at most, a nar- 
row slit; or it may be an almost cir- 
cular orifice connected tothe outer mar- 
gin of the shell aperture by a narrow 
slit. The degree of development of the 
siphonal canals in species of this type 
can never be used as a generic or 
specific feature. 

In the 2nd type, the shell aperture may 
be extended into a circular tube of con- 
siderable length. The anterior and pos- 
terior siphonal canals are also tubular 
and more or less enclosed. The ap- 
pearance of the shell in this 2nd type 
is very striking; 3 tubes project from 
the base of the spire, which are some- 
times nearly equal in size (“3-mouthed” 
aperture). Apertures of this type are 
found in species of Iniforis and Epi- 
foris. 


THE TRIPHORID GROUPS 


Jousseaume (1884) attached great im- 
portance to the shell aperture, and di- 
vided the Triphoridae into several groups 
because of its varying development after 
maturity. Conversely, Tryon (1887) con- 
sidered that the condition of the pos- 
terior and anterior siphonal canal, i.e., 
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whether they are slits or enclosed tubes, 
depends merely on the growth stage of 
each individual, and accorded them no 
systematic value. They are, without 
doubt, somewhat changeable in accor- 
dance with shell growth; however, the 
enclosed tubular posterior canal, tubu- 
lar to a greater or lesser extent, is 
characteristic for a few restricted ge- 
nera, such as /niforis and Epiforis. 
In these, the radulae are also very 
distinct and the type of radula found in 
a species of Iniforis and Epiforis can be 
correlated with the tubular character of 
the posterior siphonal canal. 

There are 3 distinct types of radula 
in the Triphoridae, differing not only 
in formula, but in the number of cusps 
of the teeth. Taking into consideration 
the various points discussed above, but 
mainly using the radulae and opercula, 
the following 4 groups can be recog- 
nized. 

The 1st group contains 3 species: 
Triphora perversa, T.nigrocincta and T. 
otsuensis. T. perversa, which is com- 
mon in West African, European and 
Arctic waters, has been studied by 
Fischer (1887), Fretter (1951) and Jo- 
hansson (1953). T.nigrocincta, from 
South America, has been investigated by 
Marcus & Marcus (1963). T. otsuensis, 
commonly occurring on the Japanese 
coast, has been examined by Kosuge 
(1964) and is redescribed here. 

The radular formula of this group is 
5-8-1-1-1-8-5. In Triphora perversa 
the octocuspid rachidian tooth is bor- 
dered on each side by lateral teeth also 
having 8 cusps, and 8 marginal teeth 
from which arise 4 narrow elongated 
cusps. In Triphora nigrocincta, the 
shape and number of teeth is similar 
to that in T. perversa, although the num- 
ber of cusps differs in that the rachi- 
dian has 11 cusps and the marginals are 
simple. In Triphora otsuensis (see Fig. 
35, radula given as typical for Tri- 
phorinae), the rachidian tooth has 14 
cusps of which the outer cusps are lar- 
ger than the others; the lateral teeth 
have 12 cusps, of which the inner 3 


cusps and outer 1 are rather large. 
There are 5 unicuspid marginals. The 
operculum of this group is horny and 
multispiral (see Fig. 28). 

The 2nd group contains no species 
found on the Japanese coast, but con- 
tains Triphora montrouzieri (Hervier), 
which is common on the New Caledonian 
coast. Risbec (1943) investigated this 
species and reported the radular for- 
mula to be n’-n-3-n-n’ (n=5-7, n+n’=13). 
The rachidian tooth is pentacuspidate; 
its median cusp is the largest. The 
tricuspid lateral teeth are rather large, 
the unicuspid marginal teeth are narrow 
and elongate. The operculum is horny 
and multispiral, similar to that found 
in the 1st group. 

The 3rd group includes Iniforis con- 
cors and I. albogranosa, both commonly 
found on the Japanese coast. The ra- 
dular formula is 7-6-6-2-3-2-6-6-7, 
and each denticle is similar to that of 
the 2nd group in both shape and number 
of cusps (see Fig. 34). The operculum 
of this group, with 5 whorls, is pauci- 
Spiral (see Fig. 31) in contradistinc- 
tion to the multispiral opercula of the 
former 2 groups. 

The 4th group is the most common 
and contains many species belonging to 
such genera as Mastonia, Inella, Cauto- 
triphora, Litharium, Cautor and Viri- 
ola. The radular formula of this group 
is n-1-1-1-n (n=9-30). The rachidian 
tooth has 3 or 5 cusps, of which the 
median cusp is largest. .The lateral 
teeth are quadricuspid. The marginal 
teeth have 2-3 cusps, which are variable 
in size and number in each species. 
The operculum of this group is pauci- 
spiral, as that of the 3rd group (see 
operculum of Cautor, Fig. 32). 


Relations among the Triphorid groups 


The digestive, nervous and reproduc- 
tive organs of all groups are similar, 
while the shell characters, opercula 
and radulae are different in each group. 
A striking feature in the radulae is a 
general tendency for a decrease in the 
number of cusps in the 3 types. Cooke 
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FIGS. 33-35. Radulae typical for triphorid subfamilies (not drawn to scale); half a transverse 


row; a. rachidian(s); b. lateral(s); c. marginals. 


FIG. 33. Some Mastoniinae, as exemplified 


by Mastonia limosa; the number of marginals varies in the group; some forms have more cusps: 


a=5 and c=3. FIG. 34. Iniforinae, as exemplified by Iniforis concors. FIG. 35. 


as exemplified by Triphora otsuensis. 


(1921) reported a similar decreaseinthe 
Volutidae, suggesting that the more ad- 
vanced species had fewer cusps. It 
is here assumed that the ancestral, 
primitive forms had both numerous teeth 
and cusps, and that various types 
emerged from them through differential 
loss of these features. 

In the Mesogastropoda, the paucispiral 
operculum occurs more frequently in the 
groups of higher rank and this type of 
operculum is taken to be more advanced 
than the multispiral type (Hedley, 1917; 
Taki, 1950). From this point of view, 
the 3rd group with its paucispiral oper - 
culum may be more advanced than the 
2nd, in spite of the fact that the radulae 
of the 2 groups are of the same type, with 


Triphorinae, 


teeth and cusps similar in shape and num- 
ber. 

The 4th group is considered to bethe 
most advanced type, both on the basis of 
the radula as well as on its pauci- 
spiral operculum. Its many variable 
species are distinguished from the other 
groups by the general reduction in the 
number of cusps of various teeth, even 
though the number of marginalsis larger. 
The most primitive groupisthefirst. Its 
radula, though it has the fewest teeth, 
has multicuspid rachidian and lateral 
teeth and sometimes marginal teeth, 
while the multispiral operculum also is 
a primitive feature. 

Arranging the 4 groups into sub- 
families by the nature of their radulae, 
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and since the radulae of the 2nd and 3rd 
groups have the same pattern, the author 
recognizes 3 new subfamilies. 

The radular formula of the 1st group 
is 8-5-1-1-1-5-8 (Fig. 35), the number 
and shape of teeth are characteristic of 
the subfamily Triphorinae. The radular 
formulae of the 2nd and 3rd groups are 
7-6-6-2:3-2-6:6-7 (Fig. 34), an essen- 
tial feature of the subfamily Iniforinae. 
The 4th group has the radular formula 
30-9-1:1:1-9-30, the number and shape 
of the teeth (with some variation in the 
number of cusps) beingprimary features 
of the subfamily Mastoniinae (Fig. 33). 


REVISED LIST OF TRIPHORIDAE 


Adding the shell characters to the 
above mentioned features, 11 generaare 
recognized in these 3 subfamilies, which 
are treated in the sections to follow. 
The genera Epiforis, Sychar and Inella 
are not yet examined, but their shell 
features, although unique, show such 
close affinitiesto other genera examined, 
that they are included in the following 
list, in spite of the lack of anatomical 
information. 

Genera such as Tetraphora, Teretri- 
phora and Liniphora, which also have 
peculiar shell features, may be valid 
genera; but, as their systematic status 
cannot be determined exactly by their 
shell features alone, and as informa- 
tion on their soft anatomy has not yet 
been obtained, they are omitted from this 
systematic list. 


Superfamily Triphoroidea 
Family Triphoridae 


Subfamiy Iniforinae (Subfam. nov.) 


Shell sinistral, acuminate at the sum- 
mit, and narrowed at the base. The an- 
terior and posterior siphonal canals are 
usually closed and tubular. The radular 
formula is n°’ .-n-3.n.n’ (n’+n=8-13, 
n=2-7); the rachidian has 5 cusps, the 
laterals have 3 and the marginals are 
unicuspid. 


Genus /niforis Jousseaume, 1884 
syn. Contraforis Laseron 1958 
Type species: Iniforis malvaceus 
Jousseaume, 1884 


Shell sinistral, narrow and acuminate 
at the summit. The anterior and pos- 
terior siphonal canals are tubular and 
entirely closed (3-mouthed aperture). 
The shell sculpture consists of 2-3 
spiral rows of granules. The radular 
formula is 7-6:6-2:3:2-6:6-7. The 
rachidian toothis pentacuspid; the lateral 
teeth are tricuspid and the marginals 
unicuspid. The operculum is compara- 
tively paucispiral. 

Remarks: The radula, operculum and 
soft anatomy of the type species /ni- 
foris malvaceus, are not known. How- 
ever, I have examined 2 species, /. albo- 
gvanosa and I. concors, both of which 
are placed in this genus because of the 
Similarities of their shells to that of I. 
malvaceus. Iniforis concors was ori- 
ginally describedas а member of the sub- 
genus то (=Inella) of the genus Tri- 
phora. Because of the differences in 
shell characters between Iniforis con- 
cors and теПа gigas (type species of 
Inella), it is more reasonable to place 
these 2 species in different taxa. 


Genus Risbecia gen. nov. 
Type species: Triphora montrouzieri 
Hervier, 1897 


Shell sinistral, acuminate at the sum- 
mit and narrowed at the base. The an- 
terior siphonal canal is a closed tube; 
the posterior siphonal canal is a narrow 
groove. The whorls have 2-3 spiral rows 
of granules. The radular formula is 
n’-n-3-n-n’ (n=5-7, n+n’=13). The rachi- 
dian toothis pentacuspid, the lateral teeth 
are tricuspid and the marginals uni- 
cuspid. The operculum is multispiral. 

Remarks: Hervier (1897) described 
Risbecia montrouzieri as a member of 
Inella, althoughits shell sculpture differs 
and the shape of the radula resembles 
that of Inifovis. This species clearly 
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does not belong in the genus Jnella as 
presently understood, but it has never 
been placed with any other group. There 
are certain distinct differences between 
R. montrouzieri and species of Iniforis, 
in spite of their similarity of the radula, 
viz., the operculum of R. montrouzieri 
is multispiral and the posterior siphonal 
canal is not a closed tube. Since the 
operculum and radula are different from 
those of any other group, a new genus 
Risbecia is proposed here. Itis dedi- 
cated to Dr. J. Risbec, the firstto report 
the precise anatomy of Risbecia mon- 
trouzieri. 


Genus Epiforis Laseron 1958 
Type species: Epiforis australis 
Laseron, 1958 


Shell sinistral, conical with a some- 
what convex spire, restricted at the base. 
The anterior and posterior siphonal 
canals are well developed and tubular. 
The whorl sculpture consists of 2 spiral 
rows of granules. The protoconch is 
short, broad and cylindrical without ap- 
parent axial threads. The radula, oper- 
culum and the soft anatomy are unknown. 

Remarks: This genus is separated 
from Iniforis only by the protoconch. 


Subfamily Mastoniinae (Subfam. nov.) 


Shell sinistral, acuminate at the sum- 
mit, and narrowed at the base. The an- 
terior and posterior siphonal canals are 
narrow grooves. Each whorl bears 2-3 
rows of spiral ridges or granules. The 
radular formula is n-1-1-1-n (n=9-30). 
The rachidian tooth has 3 or 5 cusps, 
the laterals have 4 and the marginals 
2 or 3 cusps. The operculum is com- 
paratively paucispiral. 

Remarks: Characters of special im- 
portance in distinguishing this subfamily 
from the subfamily Iniforinae are the 
number of radular teeth and their cusps 
(compare Figs. 33 and 34). 


Genus Mastonia Hinds 1843 
Type species: Triphora vulpina 
Hinds, 1843 


The spire is inflated and rather spin- 


dle-shaped. Each whorl has a spiral 
sculpture of 2 rows of granules. Some- 
times there is an intermediate row of 
minute granules. The rachidian tooth 
has 3 or 5 cusps, the lateral teeth have 
4 and the marginals 2 or 3 cusps. 
Remarks: Among the species which 
Hinds reported as members of this ge- 
nus, Mastonia rubra and M. monilifera 
have been examined in the present study; 
in addition also M. undata, M. ustulata 
and M. conspersa. The radulae and 
opercula of this genus are similar to 
those found in other genera of the sub- 
family; however, the radulae are so 
minute that the rachidian tooth can hardly 
be distinguished from the others. Other 
generic features are the sculpturing, 
which shows 2 spiral rows of granules 
on each whorl, the spindle shaped shell, 
and the posterior siphonal canal witha 
narrow, not completely closed slit. 


Genus /nella Bayle 1878 
Type species: Triphora gigas 
Hinds, 1843 


Each whorl is adorned with 3 spiral 
rows of granules, the granules being 
interconnected by spiral andaxial cords. 
The protoconch is blunt, dome-shaped 
and bears a few spiral ridges. 

Remarks: The rather large and nar- 
row, acuminate, conical shell and the 
sculpture are somewhat like those of 
Viriola and are closely allied to the 
Japanese species Cautotriphora pyra- 
midalis and C. alveolata. However, the 
radula is larger and the rachidian tooth 
has more cusps than are found in the 
other genera. The soft anatomy of [. 
gigas is not yet known. 


Genus Cautotriphora Laws 1940 
Type species: Notosinister simulans 
Laws, 1940 


Shell sinistral, elongated, subulate- 
conical with a somewhat straight spire. 
The protoconch is subulate, conical, with 
a sculpture of fine spiral and axial 
threads. Each whorl has 3 spiral ridges 
evenly and regularly nodulated. These 
nodules are connected axially by ridges 
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that are weaker than the spirals, givinga 
fenestration of squares. The rachidian 
is pentacuspid, the laterals are quadri- 
cuspid and the marginals tricuspid. 

Remarks: Three species belonging to 
this genus were examined by the author: 
C. alveolata, C. pavimenta and C. her- 
vieri. The protoconch of this genus is 
subulated, but differs in type from that of 
Inella gigas. Other shell features of 
this genus resemble that of Jnella. 


Genus Litharium Dall 1924a 
Type species: Triphora oceanida 
Dall, 1924a 


Each whorl shows a spiral sculpture 
of 3 rows of granules, with the proto- 
conch immersed at the summit. The 
rachidian tooth is pentacuspid, the 
lateral teeth quadricuspid and the mar- 
ginals bicuspid. 

Remarks: The shell shape and sculp- 
ture of this genus is closely allied to 
that found in Triphora and Cautor, but 
the genus differes markedly in its com- 
pletely immersed protoconch. L. kurodai 
has been assigned to the genus on this 
latter character, although its radula and 
operculum agree with those of the genus 
Mastonia. 


Genus Cautor Finlay 1927 
Syn. Distophora Laseron 1958 
Type species: Triphora lutea Suter, 
1908 


Each whorl shows a spiral sculpture 
of 3 rows of granules. The protoconch 
comprises 2-3 whorls. It is blunt and 
either mammillate or nearly smooth. 
The rachidian tooth is tricuspid, the 
lateral teeth are quadricuspid and the 
marginals are bicuspid. 

Remarks: The shell and sculpture are 
very similar to that of Litharium, but 
Cautor is easily distinguished from other 
genera by its smooth or mammillated 
protoconch, its only distinctive feature. 
The soft anatomy of the Japanese species, 
C. hungerfordi belonging to this genus, 
is similar to that of Mastonia. 


Genus Viriola Jousseaume 1884 

Syn. Orbitophora Laseron 1958 

Type species: Triphora bayani 
Jousseaume, 1884 


Each whorl has a spiral sculpture of 
smooth ridges. The protoconch is a 
subulate cone with a sculpture of fine 
axial and spiral threads. The rachidian 
tooth is tricuspid, the lateral teeth are 
quadricuspid and the marginals are bi- 
cuspid. 

Remarks: This genus has hitherto 
been referred to a distinct subfamily 
Viriolinae by reason of its unique sculp- 
ture. However, the shape and number 
of teeth of Viriola is the same as that 
of other Mastoniinae and it is there- 
fore inappropriate to treat it as a dis- 
tinct subfamily. The species examined 
by the author are: У. tricincta and У. 
connata. 


Subfamily Triphorinae (Subfam. nov.) 


As the subfamily is monogeneric, the 
genus description stands for the sub- 
family. 


Genus Triphora Blainville 1828 
Syn. Notosinister Finlay 1927 
Type species: Triphora gemmata 

Blainville, 1828 


Shell sinistral, elongate and narrow, 
acuminate towards the apex and narrowed 
at the base. The anterior siphonal canal 
is a narrow groove and the posterior 
Siphonal canal forms a narrow slit. The 
whorls show a spiral sculpture of 3 
rows of granules. The radular formula 
is n-1-1-1-n (n=5-8) The rachidian 
tooth and the lateral teeth are broad, 
with many cusps. The marginal teeth 
are unicuspid or may have several cusps. 
The operculum is multispiral. 

Remarks: Triphora perversa (Linné) 
is closely allied to the type species by 
its shell features and has beentreated as 
a member of this genus by Thiele and 
others. Its anatomical features have been 
carefully studied by various authors. 
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The radula is very distinct and has no 
similarity to other forms in the family, 
although the shell sculpture, which con- 
sists generally of 3 equal rows of 
granules, and the protoconch, are some- 
what similar to those occurring in other 
taxa. Other species of the genus Tri- 
phora as here defined are T.nigrocincta 
and T. otsuensis. Since the species of 
Notosinister examined by the author 
(1964) were found to have the same type 
of radula and operculum as T. perversa, 
Notosinister is treated as a synonym. 
Originally Cautotriphora was proposed 
as a subgenus of Notosinister, but its 
shell features do not warrant such a 
position. 

Laseron (1958) used the generic name 
Triphora for the species which have a 
closed tubular posterior siphonal canal, 
but these species also differ from Tri- 
phora as here understood in their radula 
and operculum. Species with sucha char- 
acter may belong to the genus Iniforis 
or Epiforis. 


RELATIONSHIPS WITHIN THE 
TRIPHORIDAE 


The genus Triphora may be considered 
a primitive type, because of its multi- 
spiral operculum and the shape of the 
radula, in particular the great number 
of cusps of its rachidian and lateral 
teeth, and it is thought to have directly 
branched off from the ancestral stock. 
It is somewhat difficult to account for 
the relations between the genera Ris- 
becia and Triphora, whose radulae differ 
greatly, being of the types n’-n-3-n-n’ 
and n-1-1-1-n respectively, with Rzs- 
becia having few cusps only inthe rachi- 
dian and lateral teeth. Perhaps the simi- 
larity of the marginal teeth and opercula 
may give a Clue totheir affinities. Cooke 
(1921) is of the opinion that the cusps 
of the teeth in the Volutidae decreased 
in number with progressing evolution. 
A similar reduction in the cusps may 
have taken place in the family Triphori- 
dae. 

Since the genus /niforis has a radula 


Similar to that of Risbecia, it is not 
unreasonable to assume that /niforis is 
closely related to and perhaps derived 
from that genus, although it differs in 
its operculum. The shell features ofthe 
genus Epiforis indicate that it is closely 
allied to the genus /niforis except for 
the protoconch and, in spite of the lack 
of information on the soft anatomy of 
Epiforis, the 3 genera (Risbecia, Ini- 
foris and Epiforis) may perhaps be 
placed in the same group (Iniforinae). 

The forms here placed inthe subfamily 
Mastoniinae must be considered another 
branch of the family. Their radula 
(n-1-1-1-n) is different from that of the 
Iniforinae; the single rachidian and 
lateral teeth, though of a similar type, 
differ in number, while the marginals 
differ in both the number of the teeth 
and their cusps. 

Cautotriphora seems to be closely re- 
lated to Triphora and Risbecia in sculp- 
ture and in the low number of rachidian 
and lateral teeth, whose size and shape 
in Cautotriphora is somewhat parallel to 
that in Risbecia. The sculpture of Cau- 
totriphora and Inella, which consists of 
spirally nodulated ridges, are rather like 
that of Viriola, especially inits arrange- 
ment of the spiral ridges. Furthermore, 
the radula and operculum are of the same 
type, giving further indications of their 
close affinities. In view of its radula 
and operculum, the genus Mastonia may 
be considered to have been derived from 
Cautotriphora. 

The relations of the 11 recognized ge- 
nera are suggested in Fig. 36. 


RELATIONS OF THE TRIPHORIDAE 
TO OTHER FAMILIES 


The Triphoridae have been hitherto 
referred to the mesogastropod super- 
family Cerithioidea on the basis of their 
shell features, but the characteristics 
of the animals do not permit the family 
to remain in that superfamily. 

Within the Cerithioidea, the family 
Cerithiopsidae has been considered the 
group most closely related to the Tri- 
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FIG. 36. Probable phylogenetic relationships in the family Triphoridae. 


phoridae from the viewpoint of their 
Shell features, especially the sculpture. 
In fact, because the same pattern of 
sculpture is found in both families, al- 
though the coiling of the shell is re- 
versed, some authors have treated them 
as a single family. The Cerithiopsidae 
also have similar feeding habits. How- 
ever, the Triphoridae differ from the 
Cerithiopsidae in radula, protoconch, 
operculum and features of soft anatomy. 

The radula of the Cerithiopsidae is 
a typically taenioglossate one, with the 
formula 2:1:1:1:2. The shapes of the 
cusps in this family are also very dif- 
ferent from that in the Triphoridae, 
which are minute and not so prominent 
as those of the Mesogastropoda (Taenio- 
glossa). 

The protoconch of the Cerithiopsidae 
is smooth and vitreous, and has few 
whorls, thereby differing from the mul- 


tispiral sculptured or mammillated pro- 
toconchs of the Triphoridae. The oper- 
culum of the Cerithiopsidae is peculiar 
for a member of Mesogastropoda in that 
it is lamellated. It also differs in cer- 
tain details from the lamellated form 
found in the neogastropod Stenoglossa, 
and may be distinct from that of both 
Taenioglossa (=Mesogastropoda) and 
neogastropod Stenoglossa. 

The Triphoridae similarly differ from 
the family Cerithiidae: the protoconch 
of the latter is smooth and has few 
whorls, being more closely allied to the 
cerithiopsid than the triphorid proto- 
conch; the radula of the Cerithiidae is 
also typically taenioglossan. 

Risbec (1943) and Fretter (1951) have 
pointed out that the proboscis of the 
Triphoridae is acrembolic, i.e. the buc- 
cal cavity and buccal ganglia are situated 
in the terminal part of the proboscis 
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sheath; when the proboscis introverts, 
they are placed in the posterior part 
of the haemocoel. But the buccal ar- 
rangement of the Cerithiidae and Ceri- 
thiopsidae, where the buccal mass is 
placed behind the mouth opening is en- 
tirely different. Nor has the oeso- 
phageal pouch, a most characteristic or- 
gan of the Triphoridae, ever been found 
in these 2 families. The acrembolic 
proboscis is another characteristic fea- 
ture of the Triphoridae, which is widely 
seen in the Mesogastropoda, and gives 
some clue to the systematic position 
of the family. This type of proboscis 
is not found in the stenoglossan proso- 
branchs. 

Pallial tentacles, present intriphorids 
(as in rissoids and Epitoniacea),are 
lacking in cerithiids. 

The Triphoridae also differ from other 
groups of Cerithioidea inthe points men- 
tioned above. Therefore the family can 
no longer be considered a member of 
that superfamily and needs to be trans- 
ferred to another more suitable sys- 
tematic position. 

Risbec (1955) advocated the removal 
of the Triphoridae from the Cerithioidea, 
because of similarities in radula and 
digestive organs to the stenoglossan 
family Columbellidae, and the establish- 
ment of a special group intermediate 
between the Mesogastropoda and the 
neogastropod Stenoglossa. He con- 
sidered the position of such a group to 
be closer to the Columbellidae than to 
the Cerithioidea. Although I concur with 
the establishment of such an intermediate 
group, I do not with its position close 
to the Columbellidae. 

The Triphoridae differ from the neo- 
gastropod Stenoglossa in the following 
points: 1) Quite apart from the varia- 
tion in size and position of the nucleus, 
the opercula of the Stenoglossa are of a 
lamellated type in general; other types 
of opercula, such as the spiral form 
seen in the Triphoridae, have never been 
found in that taxon; 2) The proboscis of 
the Triphoridae is of the acrembolic 
type never found in Stenoglossa. 


The features of the opercula and soft 
anatomy of the animal do therefore indi- 
cate a place closer to the Mesogastro- 
poda than to the neogastropod Steno- 
glossa. 

From the viewpoint of the radula, the 
Triphoridae seem to somewhat resemble 
the Epitoniacea in the reduced number 
of teeth, although these 2 groups show 
essential differences in the form and 
number of the cusps. They also show 
other resemblances in the digestive 
tract. Perhaps they have advanced on 
a parallel course of evolution, each 
adapting to the mastication and diges- 
tion of the particular food on which they 
preferably feed. 

According to Taylor & Sohl (1962), 
it has been recognized by various au- 
thors that the families Mathildidae and 
Architectonicidae, related to one another 
by their heterostrophic protoconch and 
common features of the radula (Thiele, 
1928), do not rightly belong in the Ceri- 
thioidea, where they were placed by 
Thiele. Following Ovechkin and Pche- 
lintsev, they list the Architectonicidae, 
along with “? Omalaxidae”, ina separate 
mesogastropod superfamily (Architec- 
tonicacea) and note Risbec’s (1955) opin- 
ion, that this family had moreincommon 
with the euthyneuran Pyramidellidae than 
the Cerithioidea. 

Resemblances of the Architectonicidae 
with the Triphoridae in the digestive 
tract lie especially in their acrembolic 
type proboscis, which results in a pos- 
teriorly situated buccal cavity. The jaw 
plates of the 2 families are of the same 
pattern. The radula also differs from 
typical Taenioglossa in shape of the teeth 
and cusps. The Architectonicidae there- 
fore seem to be a group related to the 
Triphoridae, both being derived from the 
same ancestral stock. 

The allied Mathildidae have shells of a 
pattern and sculpture closely similar to 
the Triphoridae. 

In conclusion, believing that the Tri- 
phoridae should be transferred from the 
superfamily Cerithioidea, I proposed and 
established, in 1964, a new superfamily, 
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the Triphoroidea. This new superfamily 
is a group intermediate between Meso- 
gastropoda (Taenioglossa) and the neo- 
gastropod Stenoglossa. Here, a new 
subordinal group, which includes the 
families Triphoridae, Mathildidae and 
Architectonicidae, and also the Epito- 
nioidea (Ptenoglossa) is distinguished 
from both Mesogastropoda and the neo- 
gastropod Stenoglossa. Heterogastro- 
poda is proposed as a name for this 
new suborder(Ref. Habe & Kosuge, 1966) 
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RESUMEN 
LA FAMILIA TRIPHORIDAE Y SU POSICION SISTEMATICA 


Los Triphoridae fueron hasta ahora referidos a losCerithioideaen base a carac- 
teres concholögicos, aunque algunos autores recientes han sefialado que esta familia 
difiere de las otras en la superfamilia, por su radula, sistema digestivo y operculo. 
Este trabajo trata las especies japonesas, que se colocan en tres grupos basados en 
sus radulas y operculos. Risbec (1943) reconoce cuatro gurpos en la entera familia. 

El 1€ grupo tiene operculo multispiral. La formula radular es 8-5-1-1-1-5-8. 
El diente raquideo, y laterales son multicúspidos у los marginales unicúspidos. El 
grupo esta representado por la común especie europea Triphora perversa la sud- 
americana T. nigrocincta, la japonesa T. otsuensis, y varias especies de Notosinister 
del Japón. 

El 2° grupo tiene el mismo opérculo que el primero, pero su formula radular es 
1-6/-3:16/-7: Tres raquídeos pentacúspidos estan flanqueados por laterales que 
difieren de ellos por tener solo tres cúspides. Los marginales son unicúspidos. como 
en el 18% grupo. Una nueva especie de Caledonia, T. montrouzieri, y otras especies 
indeterminadas de Triphora incluídas por Risbec, pertenecen a este 2° grupo. 

El 38€" grupo tiene el mismo tipo de rádula que el 29, pero el opérculo es com- 
parativamente paucispiral (5 vueltas), diferente de los otros dos grupos. Incluye 
formas con abertura tridentada, como /ntfoyis concors e I. albogvanosa comunes еп 
el Indopacífico. 

El 4° grupo tiene operculo paucispiral similar al 38 grupo. La formula radular 
es n-1-1-1-n (n=9-30): el raquídeo tiene 3-5 cúspides. Incluye la mayoría de las 
especies de Mastonia, Inella, Litharium, Cautotriphora y Viriola. 

Se revisan los géneros y secciones hasta ahora conocidos de Triforidos. Ciertos 
número de formas fueron recombinadas desde el punto de vista anatómico y concho- 
lógico, entresfamilias: Triphoridae (grupol), Iniforinae (grupos II y Ш) y Mastoniinae 
(grupo IV), de los cuales los Triphorinae se consideran los más primitivos y los 
Mastoniinae los más avanzados. Se reconocen 11 géneros, más uno nuevo, Risbecia, 
propuesto para T. montrouzier:i. 

De acuerdo a los rasgos del sistema digestivo, tales como la proboscis acrembolica, 
la presencia de un saco esofágico, rádula, y opérculo espiral (no lamelado), no puede 
mantenerse la ubicación de la familia Triphoridae en la superfamilia esencialmente 
tenioglosida de los Cerithioidea, ni tampoco colocarla entre los neogastropodos del 
suborden Stenoglossa. Por estas razones el autor ha establecido una nueva super- 
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familia Triphoroidea en el suborden Mesogastropoda, y ubicada cerca de la super- 
familia Epitonioidea (Ptenoglossa). Ademäs, un nuevo suborden, los Heterogastro- 
poda, que incluye los Triphoridae, Mathildidae, Architectonicidae y Epitonoidea 
(Ptenoglossa), que se distingue de ambos los Taenioglossa y los Stenoglossa. 


ABCTPAKT 
СЕМЕЙСТВО TRIPHORIDAE И ЕГО СИСТЕМАТИЧЕСКОЕ ПОЛОЖЕНИЕ 
Садао Косуге 


Бла Благодаря некоторым особенностям строения раковины, семейтвс Triphoridae 
до сих пор относили к Cerithioidea, хотя некоторые современные авторы 
указывали, что оно отличается от других семейств этого же надсемейства 
строением радулы, пищеварительного тракта и. крьышечки. В 
настоящей статье рассматривается 16 японских видов Triphoridae, разде- 
ленных автором на 3 группы, в соответствии с устройством их радулы и 
крышечки. Таким образом вместе с группой, выделенной ранее Рисбеком 
(1943), в семействе насчитывается 4 группы видов. 

Виды первой группы имеют крышечку с большим количеством спиральных 
оборотов. Формула радулы: 8-5-1.1.1-5-8. Рахидиальные и латеральные 
зубы несут многочисленные зубчики, каждый маргинальный зуб имеет по одному 
зубчику. Эта группа представлена обычным европейским Triphora perversa, 
южно-американским Т. nigrocincta японским Т. otsuensis и некоторыми 
японскими видами Notosinister. 

Виды второй группы имеют крышечку того же строения, но они отличают- 
ся строением радулы: 7:*6*3*6*7. У них имеется три рахидиальные зуба, с 
пятью зубчиками на каждом; с каждой стороны к ним примыкают по 6 боковых 
зубов, которые отличаются от рахидиальных тем, что имеют лишь 3 зубчика. 
Маргинальные зубы с одним зубцом, такие же как и у видов первой группы. 
Ко второй группе относятся T. montrouzieri -(новый каледонский вид) и дру- 
гой eve неопределенный до вида представитель р. Triphora указанный 
Рисбеком. 

Виды третьей группы имеют радулу того же типа, что у второй (по 
количеству самых зубов и зубчиков на них), однако их крышечка имеет срав- 
нительно мало оборотов спирали (5), чем и отличается от обоих предыду- 
щих групп. К третьей группе относятся виды с "фигурным треугольным" ти- 
пом устья раковины, как например, Iniforis concors и Г. albogranosa, 
обычные для Индо-Тихоокеанской области. 

Виды четвертой группы имеют крышечку со сравнительно малым коли- 
чеством спиральных оборотов, Т.е. сходную с крышечкой третьей группы. 
Формула радулы: n-1.1.1-n (n=9-30); рахидиальный зуб с 3-5, боковые - 
с четырьмя, а маргинальные с двумя - тремя зубчиками. В эту группу вхо- 
дит большая часть видов Mastonia, Inella, Litharium, Cautotriphora и Viriola. 

В настоящей работе ревизуются все известные в настоящее время рода 
и секции семейства Triphoridae. 

Принимая во внимание анатомию и строение раковины, многие Формы 
были распределены в три новых подсемейства: Triphorinae (первая группа), 
Inforinae (вторая и третья группы) и Mastoniinae (четвертая группа). 
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Из них Triphorinae рассматриваются, как наиболее примитивные, а 
Маз опйпае --как наиболее развитые Формы. В составе семейства, 
насчитывается 11 родов, а для “Triphora” montrouzieri предлагается Ho- 
вый род Risbecia. 

Принимая во внимание особенности строения их пищеварительного трак- 
та, таких как акремболический хоботок, наличие глоточных карманов,. строе- 
ние радулы и спиральной (не пластинчатой) крышечки, оказалось невозмож- 
ным сохранить сем. Triphoridae в надсемействе, типичном для Taenio- 
glossa. Поэтому автор установил новое надсемейство Triphoroidea 
в подотряде Mesogastropoda. Это надсемейство близко к надсемейству 
Epitonioidea из Ptenoglossa. Кроме того, новый подотряд, Heterogastropoda, 
включающий Triphoridae, Mathildidae, Architectonicidae и Epitonioidea (Ptenoglossa) 
отличается как OT Mesogastropoda (Taenioglossa), так и OT Neogastropoda (Stenoglossa). 
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MATURATION OF THE REPRODUCTIVE TRACT 
OF ARION ATER (PULMONATA: ARIONIDAE) 


B. J. Smith! 


Department of Zoology and Comparative Physiology 
Monash University, Clayton 
Victoria, Australia 


ABSTRACT 


The maturation of the reproductive tract of the garden slug Arion ater Linn- 
aeus was studied in detail and the possible factors influencing this maturation 
were investigated. 

Slugs were collected from a natural population at regular intervals throughout 
the breeding season and divided into weight groups; the reproductive tracts were 
dissected out and the various parts weighed and classified histologically into 
maturation stages. 

Field results showed that very few animals manage to over-winter after 
breeding; but that they rather do so in the egg or very young stages. Growth 
takes place throughout the year and there is always a wide range of body sizes in 
any given population. In Britain copulation occurs from July to September and is 
followed shortly by laying. A large decrease is then seen in field numbers, 
probably due to post-laying mortality. 

The various parts of the reproductive tract can readily be divided into a num- 
ber of easily recognisable maturation stages: Hermaphrodite gland: 9 stages; 
albumen gland: 4 stages; common duct: 7 stages; genital atria, epiphallus and 
spermatheca: 6 stages, which are described in detail. It was shown that a 
general relationship exists between the maturation of the tract and the season 
and that the maturation of thehermaphrodite glandis correlated tothe maturation 
of the remainder of the tract. By the “Student’s +” test, the ratios of the repro- 
ductive tract region weight/body weight for each maturation stage was found to 
be significantly different, showing that these groupings are real. Finally, con- 
trary to the suggestion of Lusis (1961), there was little relationship between 
maturation and body size. 

Animals were also collected from the same natural population, subjected to 
different controlled environmental factors and compared to animals from the 
naturalpopulation. They were subjected to nearly constant temperatures of 4°C, 
10°C, 18°C and 25°C for varying periods of time and also to artificial light for 8 
hrs./day, 16 hrs. /day and continuously; to natural day-length light and nolight. 
Although the reproductive cycle could be advanced or retarded by these environ- 
mental factors the relationship between the maturation stage of the hermaphro- 
dite gland and the remainder of the tract could not be altered. Animals hatched 
and reared in thelaboratory showed a gross variation in their maturation, possi- 
bly due to some major upset in their control mechanism. 

Three phases in maturation of the reproductive tract of Arion ater can be 
distinguished: 

1. Differentiation of the male glands, initiated by the general rise in temper- 


IWork carried out under a Research Studentship from the Department of Scientific and Industrial 
Research as part of research for the Ph.D. degree at the Department of Zoology, University 
College of North Wales, Bangor, Caernarvonshire, U. K. 
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ature in spring. 


2. Copulation and differentiation of the female glands, which occurs during the 
mid-spermatozoa stage of the hermaphrodite gland between July and September 


and is the “critical point” in maturation. 


A “trigger” mechanism of control, 


probably of a neurosecretory nature, is postulated, as already suggested (Smith, 


1964). 


3. Fertilization, laying and onset of atrophy, possibly at a standard period 
after copulation and depending on general metabolic rate. 


INTRODUCTION 


In all animals that have a breeding 
season there must be some means by 
which all the members ofa given popula- 
tion come into breeding condition at the 
same time. Such a coordination neces- 
sitates the existence of at least one con- 
trol mechanism, probably of many links, 
related to a seasonal environmental 
change. In a complex hermaphrodite 
animal such as the garden slug Arion 
atey Linnaeus it also means that the 
control mechanism must be able to either 
synchronize the maturation of all the dif- 
ferent reproductive glands directly or 
trigger off a synchronized pattern of 
maturation. 

The structure of the mature reproduc- 
tive tract and the histochemistry of its 
glandular secretions in Arion ater have 
been discribed by Lusis (1961) and Smith 
(1964, 1965). Lusis's suggestion that the 
reproductive activity was mainly related 
to age and body size conflicted with 
preliminary observations made at the 
University College of NorthWales. Con- 
sequently the present work was under- 
taken to describe in detail the stages in 
the maturation of the reproductive tract 
of Arion ater and to investigate the pos- 
sible factors influencing this maturation. 


MATERIALS AND METHODS 


Animals were collected from the 
grounds of the University College of 
North Wales, Bangor, North Wales, once 
a fortnight from March to November, 
1963. Bait traps of cabbage leaves were 
visited with a flashlight 2-3 hours after 
sunset and all the Arion ater from each 


trap were collected and left in a glass 
covered plastic bowl in the laboratory 
overnight. Next day they were divided 
into 2 gm weight groups and counted. 
From each collection 10-12 slugs were 
taken for dissection, the ratio of the 
weight groups in the sample being the 
same as that in the total collection. 
These slugs were then weighed indi- 
vidually, killed by injection with fixa- 
tive (Susa or Elftman-Dichromate-Sub- 
limate), and the whole reproductive tract 
was rapidly dissected out and fixed in 
either Susa for 6 hours or in Elftman- 
Dichromate-Sublimate for 3 days (Elft- 
man, 1957). They were thentransferred 
to cellosolve where they were stored. 

The fixed and stored hermaphrodite 
gland, albumen gland, common duct and 
genital atria were dried with filter paper, 
and weighed separately on a torsionbal- 
ance. Half to 3/4 of these tracts, 
taking in the full range of body weights, 
were embedded in Ester Wax, sectioned 
at 10 y and stained in Hemalum and 
Eosin. 

The remainder of the animals from 
each collection were used for experi- 
ments to determine the effects of cer- 
tain different environmental factors. 
This was done so that a direct compari- 
son could be made between the experi- 
mental results and the natural matura- 
tion cycle. For one experiment animals 
were obtained from eggs which were laid 
and hatched in the laboratory. For all 
the experiments animals were kept in 
glass covered plastic bowls with damp 
sphagnum; the bowls were cleaned out 
and the sphagnum changed regularly. 
The slugs were fed on fresh lettuce, 
carrot and moistenedcrushed “rat cubes” 
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FIG. 1. Histogram showing the percentages of animals in each 2 gm weight group and the total 
number of animals in each collection. 
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each day. Moribund animals were re- 
moved from the bowls as soon as they 
were noticed, but this did not prevent 
some cannibalism. Animals werekilled, 
fixed, dissected and weighedas described 
above at the end of the experiments. The 
following experimental conditions were 
applied: 

1) Temperature. Temperatures were 
maintained approximately constant with- 
in +20С of the level required. The 4°C 
and 10°C experiments were carried out 
in 2 cold constant temperature rooms; 
the 18-20°C experiments were carried 
out in the heated laboratory or animal 
house; and the 25°C temperature was 
maintained in a large cabinet heated by 
shaded light bulbs, the temperature being 
regulated by a thermostat and a large 
fan. 

2) Illumination. The usual day lengths 
for experiments were either the natural 
day or a constant 16 hour day. Artifi- 
cial illumination was mainly by 60 watt 
daylight blue bulbs approximately 45 cm 
above the bowls; the day length being 
regulated by an automatic time switch. 
For complete darkness the outside of the 
bowl and glass was painted black and 
covered with a large black cloth. 


FIELD COLLECTION RESULTS 


The percentage of slugs in each 2 
gm weight group in each collection is 
shown in Fig. 1. 

The first collections taken in March 
1963 were all young animals--probably 
not long hatched. The complete absence 
of large animals from the previous year 
may be atypical and due to the excep- 
tionally severe winter; possibly the eggs 
or very young animals are far better 
able to stand extremes of weather condi- 
tions. Noinference should be drawn from 
the widely differing total numbers col- 
lected at different collecting times, as оп 
some occasions extra slugs were col- 
lected for use in experiments and these 
were included in these calculations for 
greater accuracy. 

It is seen from Fig. 1 that, while 
growth takes place throughout the sea- 
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FIG. 2. a. Diagram of the reproductive tract 
of Arion ater showing the general structure 
and location of the glands. b. A transverse 
section through the proximal half of the com- 
mon duct showing the distribution of the glands. 


KEY TO ABBREVIATIONS 


ad - albumen duct 
ag - albumen gland 
bw - body wall 

cd - common duct 
ep - epiphallus 

fd - female duct 
fg - female gland 
fo - free oviduct 


ga - genital artery 
hd - hermaphrodite duct 
hg - hermaphrodite gland 


il - intermediate layer 
1 - ligula 

la - lower atrium 

И - longitudinal fold 
md - male duct 


mfg - male flask gland 
pg - prostate gland 


Ss - spermatheca 
sd - spermathecal duct 
sg - spongy gland 
ua - upper atrium 
vd - vas deferens 
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son, there is always a very wide range 
of body sizes. Thus even in July and 
August there were still many very small 
slugs, although no mature slugs capable 
of laying eggs had been found earlier 
in the season. This suggests either a 
very late hatching of eggs laid the pre- 
vious winter, or, as later results tend 
to confirm, a large variation in growth 
rate between individuals hatched at ap- 
proximately the same time. The ap- 
parently significant large number of very 
small animals in early August there- 
fore probably does not representa small 
secondary breeding period. 

The drop in the mean weights seen at 
the end of September and October is 
probably due to the onset of laying, when 
slugs lose a considerable amount oftheir 
body weight. The large percentage of 
very small animals seen on November 
3rd is probably artificial since the total 
is only 10 animals. A few animals how- 
ever were found that were exceedingly 
small and undeveloped and could only 
have been recently hatched, undoubtedly 
from eggs laid that season. At that 
time there was a very great decrease in 
the numbers of slugs to be found in the 
field, which may have been due to any 
number of reasons: the onset of cold 
weather, some possible change in be- 
havior, or most likely a high incidence 
of post-laying mortality. Ihave observed 
the latter in animals kept in the labora- 
tory many times, and it may beanatural 
phenomenon. 


STAGES IN MATURATION OF THE 
REPRODUCTIVE TRACT 


The general structure of the mature 
reproductive tract is shown in Fig. 2. 
Each part of the reproductive tract has 
a maturation cycle which isquite readily 
divided into a number of stages. These 
stages are described below, with special 
reference to the salient diagnostic fea- 
tures of each stage. 


Hermaphrodite Gland Stages 


A; Spermatogonia 
Stage 


and Spermatocyte 


The gland consists of very small al- 
veoli containing 3 types of cells. On 
the epithelium is a single layer of sper- 
matogonia that are readily distinguished 
by their small size. In the lumina of 
the alveoli are many spermatocytes (lar- 
ger cells) with large nuclei and a num- 
ber of oocytes. There are also many 
spaces between these cells. 


B; Early Spermatid Stage (Fig. 3a) 


Amongst the spermatocytes which now 
fill the alveoli are seen small clumps of 
dividing cells, which give rise to sper- 
matids by meiosis. Large numbers of 
dividing cells showing the various chro- 
mosome figures are characteristic for 
this stage. Nurse cells also differen- 
tiate and the oocytes are larger. More 
ducts and blood vessels seem to be pre- 
sent between the alveoli. 


C; Late Spermatid Stage 


The spermatid is now the predominant 
constituent, these cells being arranged in 
clumps around large unstained nurse 
cells or on the walls of the alveoli. A 
few spermatids show small tails. The 
oocytes vary in size, but a few are very 
large. 


D; Early Spermatozoa Stage 


Spermatids still predominate but there 
are a few clumps of fully formed sperm 
attached to darkly staining nurse cells. 
At this stage the gland has become very 
large with thin walls. 


E; Mid-Spermatozoa Stage (Fig. 3b) 


Sperm, mainly attached in clumps to 
nurse cells, predominate though a few 
small groups of spermatids remain. It 
is at this stage that sperm commence to 
be liberated into the hermaphrodite duct. 
Small amounts of granular black pigment 
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FIG. 3. Hermaphrodite gland of Arion ater. a. Early spermatid stage (B) showing spermato- 
cytes and early oocytes. b. Mid-spermatozoa stage (E) showing the clumps of mature sperms 
in the alveolus. c. Late oocyte stage (H) showing the empty alveoli. 
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occur in the connective tissue. 
F; Late Spermatozoa Stage 


The lumina of the alveoli are full of 
mature, free sperm with no spermato- 
genesis stages present. The gland is 
smaller as some sperm have passed out 
to be stored in the distal part of the 
hermaphrodite duct. A few cells of the 
alveolar wall have started to enlarge. 
Oocytes are large and lightly stained. 


G; Early Oocyte Stage 


Only a few clumps of sperm now re- 
main. Large lightly stained oocytes are 
now free in the lumina of the alveoli. 
The gland is smaller with a lot of 
black pigment in the walls of thealveoli. 
There isa fairly large amount of inter- 
alveolar tissue. 


H; Late Oocyte Stage (Fig. 3c) 


The lumina of the alveoli are almost 
filled by long cytoplasmic processes of 
enlarging epithelial cells. Thereare only 
a few free sperm and oocytes in the 
lumina. There is a lot of loose tissue, 
blood vessels andblack pigment granules 
in the inter-alveolar spaces. 


I; Atrophy Stage 


The gland is very small and black, 
with no gametes present. The lumina 
of the alveoli are filled with enlarged 
epithelial cells. Large numbers of 
sudanophilic droplets were found as- 
sociated with these processes and cells 
in fresh frozen sections. 


Albumen Gland Stages 
A; Simple Tubular Stage 


The gland is extremely small and 
consists of a few loosely coiled tubules. 
These consist of a layer of cells ar- 
ranged radially around a central duct. 


B; Compound Tubular Stage (Fig. 4a) 


The gland has become a little larger 
due to a great increase in the number 
of tubules. The cells too are larger 
but no secretion is present. 


C; Secreting Stage (Fig. 4b) 


The cells are now producing eosino- 
philic secretion which is being stored in 
the cytoplasm. The cell boundaries are 
however still distinct. 


D; Mature Stage (Fig. 4c) 


The cells are full of secretion with 
only the nuclei visible, the cell walls 
having been obliterated. The secretionin 
the fixed state appears as large poly- 
gonal granules. 


Common Duct Stages 
A; Undifferentiated Stage 


The male and female ducts, separated 
by the longitudinal fold, are present and 
are both lined by tightly packed epithelial 
cells. The only other identifiable partis 
the prostate gland, which consists of a 
few coiled tubules of small radially ar- 
ranged cells. 


B; Early Male Stage (Fig. 5a) 


The prostate gland has greatly en- 
larged by an increase in the number of 
tubules and the size of the cells. The 
male flask glands have differentiated and 
the cells of the male duct have enlarged. 


C; Mid-Male Stage 


All the male glands have completely 
differentiated and secretion is beginning 
to be produced and stored in them. The 
female duct is still undifferentiated. 


D; Matuve Male Stage (Fig. 5b) 


The prostate gland cells are so full of 
eosinophilic secretory granules that the 
cell boundaries and lumina are indis- 
tinct. The male flask cells are also full 
of secretion. The walls of the female 
duct are slightly folded and a fewfemale 
gland cells are starting to differentiate. 


E; Early Female Stage (Fig. 5c) 


Copulation has just occurred and the 
male glands have emptied their secre- 
tion into the male duct. Small vacuoles 
are seen in the reduced cells. The epi- 


332 B. J. SMITH 





FIG. 4. Albumen gland of Arion ater. a. Compound tubule stage (B). b. Secreting stage (C) 
showing the cells greatly enlarged with secretion. c. Mature stage (D) showing the cells almost 
obliterated due to the stored secretion. 
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FIG. 5. Common duct of Arion ater. a. Early male stage (B). b. Mature male stage (D) show- 
ing the mature male and the undifferentiated female glands. с. Early female stage (E) showing 


the vacuolated male glands and the enlarging female glands. d. Atrophy stage (G) showing great 
reduction in the male and female glands. 


334 B. J. SMITH 





FIG. 6. a. Folding stage (B) of the genital atria and the early stage of the epiphallus, vas 
deferens and spermathecal duct. b. Vacuolated cells of the mature spongy gland. c. Regular 


folding of the epithelium of the epiphallus and also the intermediate layer of the mature epi- 
phallus. 


REPRODUCTIVE TRACT OF ARION 335 











A nenn ит 
2 AE a —— — 
С —— 50% 20% 
| 
Br 0 ie Scale 
Srage E er 
F nn ПИВА Е une zz 
G ono a 
H ne RA] 
IP 
ag 
Stage ena 
NE => 
— A 
A RE 
B een 
cd 
Stage С — — 
D CS 
Е <<< 
F ПЛЕЧИ 
G nen CA 
PRE 
RES A a 
ga 
Stage A 
A 
ERE 





Month | Mar. Apr. May Jun. Jul. Aug. Sep. Oct. Nov. 
Toral 6 7 14 16 13 13 25 10 8 
Nos. 


FIG. 7. Histogram showing the percentage of animals with each maturation stage of the herm- 
aphrodite gland (hg), albumen gland (ag), common duct (cd) and genital atria (ga) for each month. 
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thelium of the female duct is cubicaland 
the female gland cells have differentiated 
and are starting to enlarge with secre- 
tion. 


F; Mature Female Stage 


The female gland is greatly enlarged 
and full of secretion. Some have small 
vacuoles, the male glands are much re- 
duced with small vacuolated cells. 


G; Atrophy Stage (Fig. 5d) 


All the gland cells of the tract are 
vacuolated and are much reduced in size. 
The male glands are more advanced in 
this degeneration and have become al- 
most unrecognizable. 


Stages in Genital Atria, Epiphallus 
and Spermatheca 


A; Undifferentiated Stage 


The atrium is asimple sac witha large 
clump of undifferentiated cells, the li- 
gula, at one end. The Epiphallus is 
very small but shows its typical folding. 


B; Folding Stage (Fig. 6a) 


The walls of the organs differentiate 
and fibres begin to form. The epithelium 
of the atrium commences folding. 


C; Enlarging Stage 


The atrium is now enlarged and dif- 
ferentiated into the upper and lower atria. 
The cells of the spongy gland have started 
to differentiate. Both the epiphallus and 
spermatheca are also enlarging. 


D; Mature Stage (Fig. 6b, c) 


The atria are now fully formed and 
the spongy gland is enlarged and full 
of secretion (Fig. 6b). The intermediate 
layer of the epiphallus is differentiated 
and full of secretion (Fig. 6c). The 
spermatheca is large but empty. 


E; Copulation Stage 


The spermatheca is full of the part- 
ners’ transferred spermatophore ma- 
terial and sperm after copulation. The 
epithelia of the atria, the intermediate 


layer of the epiphallus and the spongy 
gland have all secreted and are Slightly 
vacuolated. 


F; Atrophy Stage 


The spongy gland is still very large. 
The other tissues and organs are 
smaller. 


THE RELATIONSHIP OF 
MATURATION TO THE SEASON 


The number of animals exhibiting each 
stage in the maturation of the genital 
tract, expressed as a percentage of the 
total animals for each month is illus- 
trated in Fig. 7. 

March and April: even though the 
animals are growing in size, the re- 
productive organs are in a completely 
undifferentiated state. 

May: the animals developed to atrium 
(ga) stage B are all large; and as stage 
B only represents a change in size of 
the atrium the effect is more likely to 
be due to growth than to a response to 
any Special “sex organ stiumlation”. 
The late stage marked in May for the 
Separate parts of the tract, except the 
genital atrium,is due to one slug. 

This one animal was collected casually 
(not at atrap ona collection night) on May 
15 at the normal collecting place and 
was brought in because of its large size 
(5.6 gm) as compared to the field col- 
lections at the time. Unfortunately its 
genital atrium was ruined inprocessing. 
However, because of the late stages of 
the remainder of its tract it seems rea- 
sonable to suppose that this animal 
hatched the previous spring, had passed 
through the entire reproductive cycle, 
laying in early winter and over- 
wintering. 

June and July: the male glands are 
rapidly maturing at this time with a few 
of the larger animals practically ready 
for copulation by the end of the period. 

August: most slugs are now in the 
mature male stage and a few are copu- 
lating. Only the very smallest animals 
(less than 3 gm) are now in earlier 
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FIG. 8. Histogram showing the percentage of animals with each maturation stage of the albumen 
gland (ag), common duct (cd), and genital atria (ga) for each maturation stage of the hermaphro- 
dite gland (hg). 
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stages. In a number of slugs the matura- 
tion of the female glands has begun. 

September: copulation occurs widely 
and most of the animals have rapidly 
maturing female glands. One or two 
very small individuals are still in earlier 
stages. 

October: nearly all the animals have 
copulated and a few of the large ones 
have started laying. The female glands 
in all the animals are now mature. 

November: most animals are now 
laying or are in the post-laying atrophy 
stage. A few very small slugs with the 
reproductive organs in the very early 
stage of maturation are also present. 
These are newly hatched slugs from eggs 
laid that season. 


COMPARISON OF THE 
HERMAPHRODITE GLAND STAGE 
WITH MATURATION OF THE 
REMAINDER OF THE 
REPRODUCTIVE TRACT 


Laviolette (1954) has postulated that 
in Arion subfuscus the hermaphrodite 
gland controls the maturation of the re- 
mainder of the reproductive tract. An 
attempt has therefore been made to re- 
late the stages of the various parts of 
the reproductive tract tothe hermaphro- 
dite gland stages, the results being il- 
lustrated in Fig. 8. 

This histogram shows that most ofthe 
major changes in the maturation take 
place in the early and mid-spermatozoa 
stages (D and E) of the hermaphrodite 
gland. During these stages the female 
glands and the genital atria accessory 
glands all start rapidly to mature. Co- 
pulation occurs in the subsequent late 
spermatozoa stage (F) followed by egg 
laying and atrophy. The very early 
albumen gland (ag), common duct (cd) 
and atrial (ga) stages recorded for the 
oocyte stage (H and G) of the herma- 
phrodite gland represent one very small 
animal of 2.03 gm body weight. It is 
thus supposed that, although it was able 
to reach the oocyte stage in the herma- 
phrodite gland, it was too small to allow 


the rest of the tract to mature. 


COMPARISON OF THE RATIOS OF 
REPRODUCTIVE TRACT REGION 
WEIGHT/BODY WEIGHT 
THROUGHOUT MATURATION 


The weights of the different parts of 
the reproductive tract seemedtoindicate 
a relationship between the body weight 
and the weights of the different regions 
of the tract at different stages of matur- 
ation. To test thisimpressionthe means 
of the percentages of the ratios of repro- 
ductive tract weight/body weight were 
compared by means of the “Student's 
t” test and the results tabulated in Table 
1. It is seen that the sizes of the dif- 
ferent regions of the reproductive tract 
compared to the body size--the differen- 
tial growth rates--are, in the main, 
significantly different throughout the ma- 
turation cycle. 

The hermaphrodite gland grows to a 
maximum size at the mid-spermatozoa 
stage and then is greatly reducedin size, 
due to the expulsion of the gametes. In 
the early stages the albumen gland 
and common duct were impossible to 
separate and, as the albumen gland was 
very small, the combined weight approxi- 
mated well to the common duct weight. 
The large increase in weight of the 
tract at the onset of the female stage 
was largely due to the sudden enlarge- 
ment of the albumen gland at that stage. 

The results therefore tend to suggest 
that the groupings made in the descrip- 
tion of the maturation cycle are real 
ones. 


INVESTIGATION OF 
THE RELATIONSHIP OF 
MATURATION TO BODY WEIGHT 


Lusis (1961) has suggested, for Arion 
ater rufus, that there is a direct re- 
lationship between maturation and body 
weight. The results of the present in- 
vestigation do not support this idea. 

To investigate this point the percentage 
of each hermaphrodite gland stage pre- 
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TABLE 1. Comparison of the means of the percentages of the reproductive tract region weight/ 
body weight at different stages of maturation by means of the “Student’s t” test 
































Region of Stages of No. of Mean of vial Significance 
reproductive development animals | % Region wt. m to 95% 
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Common Duct 
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Whole of 
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*For stages see text. 


sent in each 2 gm weight group was 
calculated (Fig. 9). The results show 
that while only the earlier stages are 
seen in the 0-2 gm weight group, all the 
other groups can contain all the matu- 


TABLE 2. 
stages of the “Student’s t” test 


Range 


Stage of 
hermaphrodite slugs of Sn 
gland used не 
5 















0.79 - 4.76 

Band С 27 1.51 - 10.40 
D and Е 22 2.47 - 22.03 
F 2.43 - 20.15 
2.03 - 13.71 












ration stages. The presence of only 
spermatozoa (E, F) and early oocyte 
(G) stages in the larger weight groups 
must be treated with extreme caution as 
these results are from very’ few (1-4) 


Comparison of mean body weights of 109 Arion ater of adjacent hermaphrodite gland 








Means Significance 

of body Value to 95% 

weights of SG? probability 
g level 










- 4.108 a 
- 4,149 + 
- 1.829 - 
- 1.808 - 
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TABLE 3. Representative data for slugs hatched and reared in the laboratory at temperatures 
of 18-20°C with natural illumination 





Date hatched 


Feb 


Nov. 2 Mar. 12 
Nov. 26 Apr. 1 

Nov. 2 Apr. 1 

Nov. 26 Apr. 16 
Nov. 26 May 28 

Nov. 26 June 12 
Nov. 26 June 12 
Nov. 26 June 25 
Nov. 26 June 25 
Nov. 26 June 25 
Nov. 2 Aug. 24 
Nov. 2 Oct. 23 
Nov. 26 Oct. 23 





Date killed Age in days Body pia ay 
ae 95 3.65 
























hg stage* 


o Tract wt. 
у Body wt. 
„91 








0 D 
10. 50 E 
6. 25 E 
0. A 
0. D 
9% Е 
18. Е 
0. А 
25. Е 
0. D 
4. E 
6. E 
24. H 
21. H 


*See pp 329, 331 for key to hermaphrodite gland stage. 


animals. 

The means of the body weights of 
various hermaphrodite gland stages were 
compared by the “Student’st” test (Table 
2). Even though the ranges of the body 
weights within each group are very big, 
this test may have some value. However, 
it is only in the earlier stages that 
some relationship might exist between 
body weight and maturation stage and 
even here the range of individual varia- 
tion is so great as to almost over- 
shadow any such relationship. 


EXPERIMENTAL INVESTIGATION 
INTO FACTORS 
AFFECTING MATURATION 


The experiments and their resultsare 
described below. The tables relating to 
the various experimental series do not 
comprise all slugs observed, but only 
a representative selection, each result 
quoted being representative of a group 
of similar animals. 


Animals Hatched and Reared in the 
Laboratory 


The slugs used in this experiment 
(about 60) were from 2 clutches of eggs 





hatched on November 2 and 26 and left 
in separate bowls. They were kept 
under fairly constant temperature condi- 
tions of 18-20°C and natural illumina- 
tion. Data for a representative sample 
of these are givenin Table 3. Itis seen 
that, compared to slugs collected in the 
field (see Fig. 7) during the first half 
of the year, a number of experimental 
animals (about half of the 30 killed in 
that same period) showed anadvancement 
of maturation, which seems to be cor- 
related in some way with body size. 
These results agree with those of Lusis 
(1961) who also used animals hatched 
and reared in the laboratory. In addi- 
tion, my slugs showed a great variation 
in body size, even though they werefrom 
the same clutch and kept in the same 
bowls. The relationship between body 
size and maturation disappeared as the 
natural breeding season approached. 


Animals maintained at 18°C innatural 
illumination and darkness 











For this experiment 25 slugs were 
kept in natural illumination and 15 inthe 
dark. The representative data tabulated 
in Table 4 show that there seems tobe a 
slight increase in body weight as com- 
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TABLE 4. Representative data for slugs kept at 18°C with (a) natural light (b) no light 
















Duration of 
experiment 
in days 













Date 
collected 







Tract wt. 


hg stage* 
Body wt. т 


Date killed Body weight % 
5 









(а) 


Маг. 17 Мау 31 С 
Маг. 17 June 12 E 
Mar. 17 June 25 E 
Mar. 17 July 25 E 
Mar. 17 Aug. 6 E 
June 17 Aug. 26 E 
July 17 Sept. 20 F 
July 17 Sept. 20 F 





*See pp 329, 331 for key to hermaphrodite gland stage. 


TABLE 5. Representative data for slugs kept at 10°C with (a) 16 hours of artificial light per day 
(b) no light 












Duration of 
experiment 
in days 


Date 
collected 





Tract wt. 


* 
Body wt. hgvstage 


Date killed % 
















o o! 











ново 


*See рр 329, 331 for key to hermaphrodite gland stage. 
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TABLE 6. Representative data for slugs kept at 4°C with 16 hours of artificial light per day 


Duration of 
experiment 
in days 


Date 
collected 


Date killed 


Apr. 29 
Apr. 29 
Apr. 29 
Apr. 29 
Apr. 29 
June 14 
June 14 
June 14 
June 14 
July 9 

Sept. 29 
Sept. 29 
June 14 
June 14 
June 14 





Tract wt. hg stage* 
Body wt. 
6. 0. С 
58 0. D 
2% 0. A 
4, 0. D 
3. 0. В 
8. 0. D 
6. 0. С 
8. 3. E 
9. 3. E 
De 4. D 
Ir 219% G 
a 2128 G 
5: 23 E 
GE 0. D 
DR 0. С 


*Бее pp 329, 331 for key to hermaphrodite gland stage. 


pared toanimalsfromthe natural popula- 
tion over the same period (see Fig. 1). 
The slugs also seem to start maturing 
a little earlier, although the period of 
maturation does not appear to be shor- 
ter. The same also holds true for all 
the animals left in the dark. These 
results seem to derive from the nearly 
optimal conditions. 

A relationship between food and gene- 
ral conditions and maturationis shown by 
4 animals (not included in the table) 
which were collected on August 12 as 
extremely small immature specimens, 
kept in the laboratory without food in a 
bowl with increasingly decaying vegata- 
tion and killed on December 6. They 
showed no body or reproductive growth. 


Animals maintained at 10°C with 16 
hours of light per day and in darkness 


Two groups of 50 slugs, with half of 
each group from 2 different collections, 
were kept in each of the illumination 
conditions. Details for a representative 
sample are tabulated in Table 5. At 
this low temperature the maturation 
cycle slowed down slightly, especially in 


the commencement of the female stage 
(F). This retardation was particularly 
evident in animals maintained in the dark, 
but is probably a temperature response. 
When the slugs were exposed to artifi- 
cial light for 16 hrs/day the tempera- 
ture fluctuated between 14° and 9°C, due 
to the heating effect of the lights, where- 
as, when they were maintained without 
light, the temperature remained more 
constantly equal tothe minimum reading. 
Exceptions to the general slowing down 
of maturation were observed in large 
animals. 

The 3 slugs killed on December 6 
showed that while prolonged exposure 
to low temperature retarded the 2 small 
individuals in their maturation, the large 
animal was unaffected. This latter as- 
pect will be discussed later. In one of 
the smaller slugs the long exposure had 
produced abnormalities in the herma- 
phrodite gland. The alveoli were very 
small, with thick walls and large cells 
having long finger-like processes pro- 
jecting into the lumina—all characteris- 
tics of a late oocyte or atrophy stage. 
The centres of the lumina were, however, 
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TABLE 7. Representative data for slugs kept at 25°C with (a) 16 hours of artificial light per day 
(b) no light 
























Date 
collected 


Date killed 







in days 


(a) 
May 7 

June 23 
June 23 


Duration of 
experiment 








Tract wt. 


hg stage* 
Body wt. 5 = 


% 


AA 


OO QE At 


*See pp 329, 331 for key to hermaphrodite gland stage. 


full of spermatids and a few developing 
spermatozoa, and it must therefore be 
classified as stage D. 


Animals maintained at 4%C 
and 16 hours of light per day 


This experiment was carried out with 
45 slugs. Details for a representative 
sample are given in Table 6. The effect 
of exposure to the extremely low tem- 
perature was to almost arrest develop- 
ment at the stage in which the animal 
was at the beginning of the experimental 
period. Once or twice during the ex- 
periments the temperature dropped well 
below freezing for a short time and al- 
though most of the animals recovered 
(less than 5% mortality) the excessive 
cold may have adversely affected them. 
About half of the slugs had hermaphro- 
dite glands with abnormalities, i.e., they 
had many characteristics of oocyte 
stages, while actually being in the early 
or mid-spermatozoa stages. 


Animals maintained at 25°C in 16 
hours of light and in darkness 


The experiment was carried out with 
8 groups of 15 slugs starting at various 





times. At this high temperature there 
was a very high mortality especially in 
the first month, before accurate tem- 
perature control had been fitted. When- 
ever the temperature rose to 28°C or 
above, all the animals died quickly. The 
mortality throughout all the efperiments 
in this group was about 60%. Detailed 
results for a representative sample are 
tabulated in Table 7. The effect of the 
high temperature on the animals that 
did survive was to almost completely 
stop the maturation of the reproductive 
organs. Most animals, especially those 
left in the dark, showed gross abnor- 
malities in the hermaphrodite gland: 
in a large number of alveoli resorption 
of all cells, usually associated with the 
oocyte stage, was observed. However, 
the presence of less abnormal areas 
made accurate classification possible. 


Animals maintained in continuous 
light at 20°C 
Although the temperature was main- 
tained fairly constantly, there was a 
moderate mortality of about 50% among 
the 25 slugs used in this experiment. 
The effect on survivors was to slow down 
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TABLE 8. 












Duration of 
experiment 
in days 








Date 
collected 





Date killed 


June 14 
June 14 
June 14 
June 14 
June 14 
June 14 
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Representative data for slugs kept at 20°C, with continuous artificial light 


Trace wt. 


hg stage* 
Body wt. Si 


weight % 
















0. С 
0. 91 D 
1.67 E 
3.70 D 
1.270 D 
3. E 





*See pp 329,331 for key to hermaphrodite gland stage. 


the maturation of the reproductive tract, 
as exemplified in the detailed data ona 
representative sample tabulated in Table 
8. These conditions also caused a par- 
tial resorption of the cells in the alveoli 
expecially of mature sperm. 


Animals maintained with 8 hours 
of light per day at 18°C 


The experiment was carried out with 
25 slugs. The restricted day length had 
no noticeable effect on the maturation of 
the reproductive organs and the only 
noticeable difference from the field slugs 
was a very slight increase in average 
body size probably due to the more 
favourable conditions. 


DISCUSSION AND CONCLUSIONS 


The function and histochemistry of the 
various glands of the reproductive tract 
of Arion ater have been described by the 
author (Smith, 1964, 1965). It was con- 
cluded that the secretions of the male 
flask gland and prostate gland combined 
to form the spermatophore material, 
that the albumen gland secreted the peri- 
vitelline fluid, that the two-layered egg 
Shell was secreted by the female gland 
and amoebocytes in the free oviduct. 

Lusis (1961) suggested that the activity 
of the reproductive tract of Arion ater 
is related to the age of the animal and 
to body size. Fromhis results, however, 
it is seen that animals enter the oocyte 
stage of maturation at ages ranging from 


6-12 months. Moreover, he got sucha 
wide body-weight range, even within one 
maturation stage, that these correlations 
must be treated with caution. 

Laviolette (1954) has postulated that 
the hermaphrodite gland controls the 
maturation of the reproductive tract of 
Arion subfuscus by means of ahormone, 
though the exact site of its production in 
the gland is not known. This present 
investigation is in agreement with his 
view in so far as each hermaphrodite 
gland stage has a corresponding tract 
gland stage. The “spermatid stage” 
is connected with the commencement of 


maturation of the male glands. The 
“early spermatozoa stage” sees the 
maturity of the male glands and the 


differentiation and commencement of 
maturation of the female glands and all 
the accessory structures associated with 
copulation. The “late spermatozoa 
stage” is connected with copulation and 
the “oocyte stage” with the maturation 
of the female gland and with egg laying. 
These relationships between the herma- 
phrodite gland and the remainder of the 
tract always exist in the animals weighing 
more than about 2 gm. One 2 gm 
animal, however, possessed a herma- 
phrodite gland in the early oocyte stage 
while the remainder of its reproduc- 
tive tract was very immature. It might 
be possible that for some reason, the 
tract of an animal of such small size 
cannot attain maturity. Presumably ani- 
mals collected from the field are of 
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approximately the same age and it could 
be possible that the maturation stages of 
both the hermaphrodite gland and the 
tract are either independently related to 
age or are inter-dependent. That the 
latter alternative holds true is, however, 
proved by those experimental animals, in 
which the rate of maturation of the re- 
productive tract had been changed. In 
all these cases there exists this same 
relationship between hermaphrodite 
gland stage and the stage of maturation 
of the remainder of the tract. There 
would seem to be 2 possible explanations 
of this constant relationship. Firstly, 
both the hermaphrodite gland and the rest 
of the reproductive tract could be under 
one common control mechanism. Alter- 
natively it is possible that one region 
controls the other. From Laviolette’s 
(1954) experiments on transplantation of 
reproductive tracts from one maturation 
stage to another in Avion sp., it would 
appear that the hermaphrodite gland does 
control the maturation of the rest of the 
tract. I was however unable to confirm 
these results. 

The connection between the maturation 
of the hermaphrodite gland and the sea- 
son, shown in Fig. 7, indicates a re- 
sponse to some controlling factor or fac- 
tors inthe environment. This relation- 
ship is, however, not absolute, as it is 
modified slightly according to body size, 
the larger animals being more advanced. 
This tends to suggest that the effect of 
external factors is not direct, but must 
act through other controlling links. 

In experiments to investigate the effect 
of different environmental factors on 
animals collected from a wild popula- 
tion, the advancement of maturation of 
the reproductive tract under favourable 
conditions such astemperatures of 18°C; 
natural illumination or total darkness and 
plenty of fresh food daily, was only mar- 
ginal, about a month or 6 weeks. This 
advance may have been almost entirely 
due to the larger size of the animals 
brought about by optimum conditions. 
Using animals hatched and reared in the 
laboratory brought about an advancement 


of up to 7 months, animals being already 
in the female stage when the whole of 
the wild population was still in the sper- 
matocyte stage. This extremely prema- 
ture maturation cannot be associated with 
body size for, although these animals 
were amongst the largest in the bowls 
at the time, they were still small when 
compared with the average size of ani- 
mals in the female stage at the normal 
period. It must also be noted that 
while some animals showed advance- 
ment, others from the same clutch 
showed little or no sign of it. The 
mechanism of this unusual advancement 
of maturation is unknown, althoughit may 
be due to constant conditions or the lack 
of an over-wintering rest period for the 
eggs or young. 

In experiments where the maturation 
was retarded by extremely low or high 
temperatures particularly, animals usu- 
ally showed some degree of abnormality 
in the hermaphrodite gland, which was 
usually caused by resorption of some or 
all of the products of gametogenesis and 
was, in every case, associated with a 
small immature reproductive tract. It 
thus seems that the experimental condi- 
tions affect the metabolism of the ani- 
mals and so affect maturation. In most 
of these groups however some animals 
were found, usually large ones, which 
seem virtually unaffected by the condi- 
tions. These animals were all seen late 
in the year and were in the normal stage 
for that period, i.e.,in the female stage. 

From these results the maturation of 
the reproductive tract of Avion ater is 
seen to be divisible into 3 phases: 

1) Differentiation of the male glands: 
this phase begins in early spring and is 
connected with the onset of spermato- 
genesis; it is probably initiated in some 
way by the general rise in tempera- 
ture at that time. After the onset of 
this phase the maturation of the male 
part of the tract then proceeds in re- 
lation to the general metabolic rate. 

2) Copulation and differentiation of 
the female glands: the onset of this 
phase occurs during the mid-spermato- 
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zoa stage (E) of the hermaphrodite 
gland in July or August. It marks a 
“critical point” in the maturation of the 
reproductive organs, at which a large 
number of major changes take place. 
The genital atria and their several ac- 
cessory glands rapidly mature and the 
female glands begin to differentiate. 
This is the time when mature spermato- 
zoa are beginning to be shed into the 
hermaphrodite duct and thisrelease may 
be the initial trigger for the entire phase, 
since it has been shown that the her- 
maphrodite gland in some way holds 
some controlling influence over the re- 
mainder of the tract. From observa- 
tions on some of the experimental ani- 
mals it is seen that, once this “critical 
point” has been passed, adverse external 
conditions have very little effect on the 
subsequent maturation of the reproduc- 
tive organs, while they have a pro- 
found effect before this point. These 
results suggest a “trigger” mechanism 
of control which is probably of a neuro- 
secretory nature, as described by the 
author (Smith, 1964). Fromthe “critical 
point” onwards the rate of maturation 
of the female glands and also the time 
of copulation depends upon the general 
metabolic rate. 

3) Fertilization, laying and the onset 
of atrophy: these 3 processes are 
closely interconnected, asfertilizationis 
the first phase of the laying process 
(Smith, 1964, 1965) and atrophy begins 
with the emptying of the gland cells 
during shell formation during laying. 
These processes probably occur at a 
standard period after copulation, again 


depending on general metabolic rate. 
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RESUMEN 


MADURACION DEL CANAL REPRODUCTOR DE ARION ATER (PULMONATA) 


La maduración del tracto reproductor de la babosa de huertas, Arion ater L., у 
los posibles factores influyentes en ella, fueron estudiados. Las babosas se recogieron 
de una población natural a intervalos regulares entoda la época de crianza y divididas 
en grupos por peso: los canales reproductores fueron disectados y las varias partes 
pesadas y clasificadas histológicamente por estados de madurez. 

Observaciones en el campo mostraron que muy pocos animales consiguen superar 
el invierno despues de dar cria, pero que son capaces de hacerlo cuando en el huevo 
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о en estados muy jovenes. Crecimiento tiene lugar durante todo el айо у hay siempre 
amplia variación de tamaño en una determinada población. En Inglaterra la copula- 
ción ocurre de julio a septiembre y muy pronto es seguido por las puesta. Una gran 
disminución ocurre en el campo, probablemente debido a mortalidad post-desovadora. 

Las varias partes del aparato reproductor pueden ser facilmente dividias en un 
número de estados de maduración reconocibles: glándula hermafrodita 9 estados; 
glándula albuminoidea 4 estados; ducto común 7 estados; atrio genital, epifalo y 
espermateca 6 estados; todos estos son descriptos en detalle. Existe una general 
relación entre la madurez del canal y la estación, y la maduración de la glándula 
hermafrodita esta correlacionada a la del resto del canal. Las proporciones (ratios) 
del peso de la región reproductora/peso del cuerpo, para cada estado de madurez, 
resultó significativamente diferente, mostrando que la división por grupos era natural. 
Final y contrariamente a la sugestión de Lusis (1961), muy poca relación existe entre 
madurez y tamaño del cuerpo. 

Animales colectados de la misma población natural, se sometieron a factores de 
ambiente diferentes y controlados, para comparación con los primeros. Estos eran, 
temperaturas casi constantes de 4°, 10°, 180 y 250C por periodos variables y tambien 
luz artifical por 8 y 16 horas diarias y continuamente, a luz de día completo y a obscu- 
ridad. Aunque el ciclo reproductivo puede adelantarse o retardarse por estos factores, 
la relación entre el estado de madurez de la glándula hermafrodita y el resto del 
canal no se altera. Animales eclosionados y criados en el laboratorio mostraron una 
grosera variación en su maduración, posiblemente debido a alguna irregularidad en 
sus mecanismos de control. 

Se pueden distinguir tres fases de maduración en el aparato reproductor de Arion 
ater: 

1. Diferenciación de las glándulas masculinas, que se inicia en primavera con al 
ascenso de temperatura. 

2. Cöpula, y diferenciación de las glándulas femeninas, la cual ocurre durante el 
estado espermatozoico-medio de la glándula hermafrodita entre julio y septiembre 
y es el “punto crítico” de maduración. Un mecanismo “disparador” de control, 
probablemente de naturaleza neurosecretora, se postula como ya lo sugiriera el autor 
(Smith, 1964). 

3. Fertilización, puesta y comienzo de atrofia, posiblemente a un periodo standard 
despues de la copulación y dependiente del indice metabólico. 


ABCTPAKT 


РЕПРОДУКТИВНЫЙ ТРАКТ СЛИЗНЯ 
ARION ATER (PULMONATA: ARIONIDAE) 


Be И. -@мит 


Процесс созревания репродуктивного тракта у садового слизня Arion 
ater L. был детально исследован как и факты, влияющие на него. 

Слизни были собраны из естественных популяций через регулярные 
промежутки времени, во время сезона их размножения, и разделены были 
на весовые группы; их репродуктивные тракты были вскрыты, различные 
части были взвешены и гистологически разделены на стадии созревания. 

Наблюдения в поле показали, что очень немногие животные могут пе- 
режить зиму после совокупления, но они легко перезимуют в стадиях яйца 
или в стадиях постэмбриональных. Рост их продолжается весь год и в каж- 
дой популяции всегда находятся все стадии роста. В Англии копуляция их 
происходит от июля до сентября и вскоре следует откладка яиц. После 
этого наблюдается резкое понижение в количествах каждой популяции, ве- 
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POATHO вследствие смертности после откладки. 

Различные части репродуктивного тракта могут быть разделены на не- 
сколько легко отличимых стадий полового вызревания: гермафродитная же- 
леза; 9 стадий; эндоспермная железа: 4 стадии; семепровод: 7 стадий, по- 
ловые атрий, эпифаллус и сперматека: 6 стадий, которые детально описаны. 
Было установлено, что созревание тракта и сезон созревания гермаФфродит- 
ной железы находятся в тесной зависимости от вызревания остальной части 
тракта. Взвешивания репродуктивного тракта и всего тела для каждой ста- 
дии дало различные пропорции, как бы подтверждая их действительность. 
Но зависимость между половым созреванием и размерами тела была незначи- 
тельной, в противоположность предположению, высказанному Луисом(1961). 
Собранные в тех же естественных популяциях животные были подвержены раз- 
личным контрольным экологическим факторам и сравнивались с особями из 
естественных популяций. Они были подвержены почти постоянной темпера- 
туре в 4, 10, 18 и 28 градусов на различные периоды времени, а также 
искусственному свету на 8 и на 16 часов в сутки и постоянному свету, т.е. 
естественному дневному свету и вовсе без света. Хотя репродуктивные 
циклы могли быть задержаны или ускорены в таких условиях, но зависимость 
созревания гермафродитной железы и всего репродуктивного тракта не могла 
быть нарушена. Вылупившиеся и вырощенные в лаборатории животные дали 
большое разнообразие в процессе созревания, вероятно, из за расстрой- 
ства их контрольного механизма. 

В созревании репродуктивного тракта A.ater можно различить три 
фазы: 

1. Видоизменение мужских желез, стимулированное общим повышением 
температуры весной. 

2. Копуляция и видоизменение женских желез, происходящие в половине 
сперматозоидной стадии гермафродитной железы между июлем и сентябрем, 
что является "критическим моментом" созревания. Контрольный механизм, на- 
поминающий "защелку", вероятно, нервной секреции обуславливает эту стадию, 
как это ранее предполагал Смит (1964). 

3. Оплодотворение, яйцекладка и атрофия, возможно, следуют через 
определенное время после копуляции и в зависимости от состояния общего 
метаболизма.. 
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ABSTRACT . 


Recent development of methods of rearing bivalve larvae under controlled con- 
ditions has made it possible to culture the following species: Arca transversa, 
Mytilus edulis, Modiolus demissus, Anomia simplex, Aequipecten ivvadians, 
Ostrea edulis, Ostrea lurida, Crassostrea virginica, Crassostrea gigas, Mer- 
cenaria (=Venus) mercenaria, Mercenaria (=Venus) campechiensis, Mulinia 
lateralis, Tapes semidecussata, Pitar (=Callocardia) morrhuana, Petricola 
pholadiformis, Ensis directus, Mactra (=Spisula) solidissima, Mya arenaria, 
Teredo navilis, Laevicardium mortoni. These forms were grown past meta- 
morphosis from eggs or recently released larvae of known parents. A series of 
photomicrographs and length-width measurements of larvae, from early straight- 
hinge stage to metamorphosis, is given for each species. In addition to these 
criteria, general shapes, prominence of the umbones and other morphological 
characters of the larval shells during growth are described. Problems and 
difficulties in identification, especially of closely related forms, are discussed, 
and suggestions for improved methods of identification are offered. 


CONTENTS 
Page 


INTRODUCTION en alone : 351 DOES еле ER: 
5. Aequipecten атта@ап$ 


PROBLEMS IN THE (Lamarck) 
pee ee 6. Ostrea edulis Linnaeus... . 
OF BIVALVE LARVAE ...... 353 р E CES 
7. Ostrea lurida Carpenter .. 
PREPARATION OF 8. Crassostrea virginica 
PERMANENT MOUNTS (Gmelin).. va gs Sep, 
OF WHOLE LARVAE........ 360 9. Crassostrea gigas 
DESCRIPTION OF DIFFERENT (Thunberg)............ 
SPECIES ade AT. 361 10. Mercenaria (=Venus) 
mercenaria (Linnaeus) . ... 
19 AYcatransversa SAY oak: 361 11. Mercenaria (=Venus) 
2. Mytilus edulis Linnaeus .... 365 campechiensis (Gmelin)... 
3. Modiolus demissus 12. Mulina lateralis (Say)...... 
(DIDI) os une Meghan sec 368 13. Tapes semidecussata 
4. Anomia simplex Revo: A A 


1 Present address: 17 Los Cerros Drive, Greenbrae, California, U. S. A. 


2Present address: Virginia Institute of MarineScience, Wachapreague, Virginia, U. S. A. 


(351) 


352 LOOSANOFF, DAVIS AND CHANLEY 


Contents (cont.) 


Page 
14. Pitar (=Callocardia) 
morrhiona Gould’ 2... о... 404 
15. Petricola pholadiformis 
aman ci enn tele te ee 
16. Ensis directus (Conrad)... . 414 
17. Mactra (=Spisula) 
solidissima Dillwyn...... 417 
18. Mya arenaria Linnaeus.... 421 
INTRODUCTION 


A student of zooplankton of estuarine 
areas is usually impressed with the high 
percentage of larvae of bivalve mol- 
lusks, aS compared to the numbers of 
larvae of other invertebrates. Exten- 
sive data illustrating this preponderance 
are given in the work of Thorson (1946) 
on reproduction and larval development 
of Danish marine bottom invertebrates. 
Thorson found that approximately 58% 
of the total number of larvae in water 
samples during the 3-year period of his 
studies were those of lamellibranchs. 
These larvae were normally dominant 
during the summer and winter maxima, 
far outnumbering the larvae of echino- 
derms, polychaetes, prosobranchs and 
other groups. Similar observations have 
been made in many other areas but, in 
spite of the common occurrence of bi- 
valve larvae in estuarine waters, their 
taxonomic identity remains uncertain. 
It is often impossible to place a larva 
taken in plankton in a definite species, 
genus, or even family. 

Because of the lack of knowledge of 
the larval stages, we cannot become 
familiar with the complete life histories 
of many pelecypods. Moreover, it is 
now generally recognized that identifi- 
cation of different bivalve larvae from 
natural waters ceases to be a matter of 
only academic curiosity. The complexity 
of modern society, its technological pro- 
gress, and the reflection of this progress 
upon marine and especially estuarine 
environments, create many problems in 
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which our ability to tell larvae apart 
may be important. This is especially 
true in studies of pollution of water 
basins with industrial wastes or im- 
properly used pesticides. For example, 
if we can distinguish larvae of different 
species, we can learn, from examination 
of plankton samples taken from an area 
the degree of pollution of whichisknown, 
what larvae can exist under that condi- 
tion. Moreover, plankton samples taken 
just before and after the use of pesti- 
cides in the vicinity of or over certain 
bodies of water permit us to determine 
accurately the species of larvae that 
disappeared afterthetreatment. Finally, 
by collecting water samples at definite 
intervals after the applications of pesti- 
cides, analyzing them for the presence 
of pollutants, and examining and counting 
the larvae of different species, we may 
ascertain the cumulative effects of the 
chemicals on the various organisms. 

Similar opportunities would be open 
for the studies, under natural conditions, 
of the effects on larvae of changes in 
turbidity, drastic reductions in salinity 
and unusually severe physical disturban- 
ces of the water during storms and 
hurricanes. In the same manner we 
Should be able to estimate the effects 
of biological phenomena, such as water 
blooms which, by producing heavy con- 
centrations of external metabolites, may 
kill the larvae of some species without 
affecting those of the others. In Long 
Island Sound we have often observed well- 
defined periods when oyster larvae ргас- 
tically disappeared during dinoflagellate 
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FIG. 1. Diagram of the prominent anatomical features of the larvae of the razor clam, Ensis 
directus, during different stages of development, from the first, shelled, straight-hinge stage 
to metamorphosis. a, anus; aa, anterior adductor muscle; af, apical flagellum; bg, byssus 
gland; bs, byssal spur used in laying down byssus threads; df, developing foot; f, foot; g, gut; 
1, digestive diverticulae; m, mouth; pa, posterior adductor muscle; s, stomach; st, stato- 
cyst; v, velum; vr, velum retractor muscles. 


blooms, whereas larvae of some other 
bivalves remained apparently unaffected. 
In other situations larvae in the early 
stages of development were destroyed 
while the older larvae continued to live. 

Studies of the type just outlined re- 
quire, of course, the identification of the 
larvae in plankton samples; the present 
report is a contribution to the metho- 
dology of identification. In this report 
we give the sizes (length and width) of the 
20 species of bivalve larvae reared at 
Milford Laboratory and the photomicro- 
graphs showing their shapes. 


PROBLEMS IN THE IDENTIFICATION 
OF BIVALVE LARVAE 


The difficulties in identification of 
larvae are due, in large measure, toa 
lack of knowledge of their shapes and 
dimensions from the time they attain 
the first shelled stage until they reach 
metamorphosis and change into juvenile 
mollusks (Fig. 1). Some authorities, as 
MacBride (1914), believed that the veli- 
ger larvae of bivalves are so similar 
in appearance and size that they cannot 
be distinguished at all and that the dif- 
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ferentiation of various Species takes 
place only during their post-larval life. 
Regardless of the difficulties mentioned 
by MacBride, several workershave given 
descriptions of the larvae ofone or more 
species. The best known contributorsto 
this field include Stafford (1912), Kändler 
(1926), Wells (1927), Lebour (1938), 
Miyazaki (1935, 1936), Werner (1939), 
Jorgensen (1946), Sullivan (1948), Rees 
(1950), Quayle (1952), Yoshida (1953, 
1964), Imai and his co-workers, whose 
contributions will be mentioned later in 
this article, and Loosanoff & Davis 
(1950, 1963). 

Some of these contributions have added 
considerably to our limited ability to 
recognize bivalve larvae. Others, how- 
ever, were of questionable value because 
they were based, fully or partially, on 
specimens whose identity could not be 
established definitely. In other words, 
the authors used the “indirect method” 
of identification, assuming, often with 
no basis whatsoever, that a specimen 
was the larva of a certain bivalve. The 
“indirect method” also consisted, some- 
times, of following the development of 


unknown larvae, taken in plankton 
samples, through various stages of 
growth to metamorphosis and occa- 


Sionally past it. Even this procedure is 
not entirely dependable, however, be- 
cause juvenile mollusks of many species 
are almost identical and, therefore, can 
be easily mistaken for each other. 
Examples of errors from the “indirect 
method” are not uncommon inthe litera- 
ture on recognition and identification of 
bivalve larvae. For example, Stafford 
(1912) stated that the larvae of the com- 
mon clam of the Atlantic coast, Mer- 
cenaria (=Venus) mercenaria, reached a 
size of approximately 450 microns (y) 
before undergoing metamorphosis. In 
our experience of approximately 20 years 
of growing larvae of this species suc- 
cessfully, as well as in the experiences 
of our colleagues engaged in similar 
studies (Carriker, 1961), free-swimming 
larvae more than 240 u long were ex- 
ceptional. As a rule, most of the larvae 


of this clam metamorphose before they 
reach 220 y. Consequently, the larvae 
described by Stafford exceed the maxi- 
mum length of our larvae by over 200 u. 
Since our larvae were grown from the 
eggs of known parents, under controlled 
conditions, the sizes of our larvae as 
compared to those of Stafford, clearly 
show that he was not describing the 
larvae of M. mercenaria but those of 
some other bivalve. 

Several investigators have suggested 
that the size of lamellibranch larvae at 
the time of metamorphosis cannot be 
used as a criterion for their recogni- 
tion because it may vary greatly with 
environmental factors, especially tem- 
perature. For example, Nelson (1921) 
suggested that the maximum size of the 
larvae of the American oyster, Crass- 
ostrea virginica, grown in Canadian wa- 
ters should be larger than those grown 
in southern areas because of the lower 
water temperature in the north. If this 
were true, as Carriker (1951) pointed 
out, one would find smaller larvae in 
Delaware Bay, New Jersey, and even 
smaller individuals in the waters of the 
Gulf of Mexico. Later, Sullivan (1948) 
expressed the opinion that the larvae of 
the soft clam, Mya arenaria, in Canadian 
waters are considerably smaller at Mal- 
peque Bay than at St. Andrews, where the 
temperature of the water is several de- 
grees lower. Still more recently, Tanaka 
(1954) came to the conclusion that the 
larvae of the Japanese oyster, Ста$$- 
ostrea gigas, metamorphosed at different 
sizes in different localities. Tanaka’s 
conclusions, however, were diametri- 
cally opposed to those of Nelson (1921) 
and Sullivan (1948) because he believed 
he had found that prodissoconchs of C. 
gigas of the northern waters of Japan 
were smaller than those of the southern 
areas. Consequently, according to Ta- 
naka, the size at metamorphosis in- 
creased with increasing temperature. 

We do not share the point of view ex- 
pressed by any of the above-mentioned 
authors because in our extensive studies 
of the larvae of different bivalves, grown 
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from known parents and under controlled 
conditions, we found no indication that 
such differences actually exist. Although 
we have grown larvae of Crassostrea 
virginica from parents brought from nu- 
merous points on the Atlantic and Gulf 
coasts, we have not discovered pro- 
nounced differences in their setting 
sizes. Normally, variations in maxi- 
mum sizes of the larvae from the same 
area were greater than those between 
larvae from different areas. Our obser- 
vations are supported by Carriker (1951) 
who, in studyingthe distribution of oyster 
larvae in New Jersey waters, found that 
the largest individuals in his samples 
were within the metamorphosing size 
range of our larvae originating from 
Long Island Sound parents. 

In our work with another common 
species of the Atlantic coast, Mercena- 
via mercenaria, we again failed to de- 
tect significant differences in sizes of 
metamorphosing larvae whose parents 
came from widely separated sections of 
the Atlantic coast. Finally, ша series 
of experiments on rearing larvae of M. 
mercenaria at 5 different but constant 
temperatures, ranging from 18.0°- 
30.00C, we found no significant dif- 
ferences with respect to their mean 
and maximum sizes at the time of 
setting (Loosanoff, 1959). Carriker’s 
(1961) observations on the larvae of the 
same species in New Jersey waters 
proved that their sizes at metamorpho- 
sis agree closely with our findings on 
larvae of Long Island Sound and Mas- 
sachusetts clams. 

Furthermore, Stickney’s (personal 
communication) work at Boothbay Har- 
bor, Maine, with larvae of Mya arenaria, 
the parents of which were collected from 
Maine to Maryland, indicated that the me- 
dian size of the metamorphosing larvae 
was between 200 and 235 м, about the 
same as we observed for larvae of the 
Same species native to Long Island 
Sound. Stickney stated further that he 
never saw larvae of either Maine or 
Maryland clams that were smaller than 
180 y or larger than 250 y at metamor- 


phosis. Thus, his observations almost 
duplicate ours (Loosanoff & Davis, 1963). 

The inadequacy of the “indirect me- 
thod” is well illustrated again by Rees 
(1950), who stated that: “For example, 
the larva of Mytilus edulis hasbeendes- 
cribed about 10 times. Yet Jérgensen 
(1946) undoubtedly described a mixture 
of Mytilus edulis and Modiolus modiolus 
under the former species, and Lebour 
(1938) identified larvae as ‘Mytilus or 
relative’.” According to Rees (1950) 
“The apparent uncertainty in the identi- 
fication of Mytzlus larvae is due to ig- 
norance of the extent of inter-specific 
differences; are the larvae of Modiolus 
barbatus, for example, so like those of 
Mytilus edulis, that there is uncertainty 
in the identification of Mytzlus edulis?”. 
Rees stated openly that: “The surest 
method of determining the species of 
larvae is by culturing.” 

Rees also admitted that he was not 
certain all the larvae he described were 
truly pelagic and that, since most of the 
larval forms discussed in his paper had 
been identified by indirect means, some 
identification might have been in error. 
As we will show, Rees was correct in 
anticipating these errors. We think that 
the uncertainty expressed by Rees would 
have disappeared if the larvae of dif- 
ferent species had been grown under 
laboratory conditions. Had Jérgensen 
(1946) as well as Rees (1950) had avail- 
able photomicrographs and measure- 
ments of the larvae of Mytilus edulis 
and Modiolus modiolus, which are of- 
fered in this article (Figs. 7, 10), those 
authors would not have expressed un- 
certainty about the similarity of larvae 
of the 2 forms. 

It would be unfair to criticize earlier 
workers for using the “indirect method” 
because at the time of the studies the 
art of rearing bivalve larvae was only 
in its beginning and, as much of the new 
information in that field had not been 
published, few people were aware of the 
Simplicity and efficiency of the “direct 
method” (Loosanoff & Davis, 1950; 
Loosanoff, 1954). Clearly enough, Sulli- 
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van (1948) selectedthe “indirect method” 
because: “Special apparatus must also 
be provided and special techniques de- 
veloped for rearing larvae since there 
are no standard methods available.” 

A comparison of several morphologi- 
cal characters of bivalve larvae, after 
they become shelled veligers, should aid 
in their identification. Most students 
agree that these characters are princi- 
pally those of the shell rather than of 
the soft parts. Dimensions of the larval 
shell (prodissoconch), its general shape, 
prominence of the umbones during the 
progressive stages of growth from early 
straight-hinge stage to metamorphosis, 
and ratios of length of hinge to maximum 
shell length or width have been recom- 
mended as means of identification. Posi- 
tion of the larval shell ligament and, 
especially, the details ofthe hinge struc- 
ture, including its teeth, also have been 
suggested as aids in identification by 
several authors, of whom Werner (1939) 
and Rees (1950) may be mentioned. 

In our studies of larvae of 20 species 
of bivalves, allgrown to metamorphosis 
under laboratory conditions from eggs 
of known parents, we attempted to evalu- 
ate features of their soft parts and, 
especially, their shells. We were inter- 
ested also, after the appearance of Rees’ 
paper, in developing a comparatively 
simple but rapid method of identification 
by hinge characters. In the course of 
this work we attempted frequently to 
photograph hinge structures of larval 
shells but, unfortunately, often found it 
difficult to obtain clear-cut pictures that 
could be used as easy guides to identifi- 
cation (Fig. 2). 

Moreover, from a practical point of 
view, considerable difficulties are in- 
volved in the use of hinge characters as 
a regular means of identification of 
larvae in plankton samples. Only freshly 
collected material can be used because, 
even if the larvae are preserved in a 
neutral formalin, the entire hinge struc- 
ture may be altered by the preserva- 
tive. Again, as our studies of some 
species have shown, the structure and 





FIG. 2: 


Highly magnified photographs of in- 
ternal surfaces of both valves of advanced 
veligers of (a) Mercenaria mercenaria (above) 
and (b) Mytilus edulis (below). 


general outline of the hinge changes 
with changes in size and shape of the 
larval shell. These observations indi- 
cate that to demonstrate the changes of 
the hinge structure of a larva of each 
species during the entire period of de- 
velopment, from straight-hinge to meta- 
morphosis, an extensive series of photo- 
micrographs of the hinge region would 
be required. 

We also have found that if a relatively 
large number of larvae must be identi- 
fied, it may be difficult to open and 
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prepare them for microscopic examina- 
tion within a reasonable time. A con- 
siderable dexterity is needed and, since 
the procedure is time-consuming, we 
doubt that this method will ever be used 
routinely by workers on plankton samples 
that contain the larvae of many species 
in different stages of development. If 
the procedure were relatively simple, 
we are certain that both Werner (1939) 
and Rees (1950), who so strongly recom- 
mended the use of the hinge apparatus 
as a means of identifying lamellibranch 
larvae, would have included photomicro- 
graphs of the hinges in their articles. 
Instead, both authors offered only sche- 
matic drawings of these structures. 
Moreover, although photographs of the 
hinge structure of larval bivalves have 
been published in several articles, 
Quayle (1952), working with Venerupis 
pullastra, is one of very few authors to 
give a good photomicrograph of the hinge 
area of the larval shell. 

The existence of special structures, 
including teeth, in the hinges of larval 
bivalves is, nevertheless, undeniable. 
In many species these structures may be 
seen while the larvae are still in the 
straight-hinge stage. We are certain 
that, because of the considerable pro- 
gress made during the last decade in 
culturing lamellibranch larvae in this 
country and Japan, the hinge structures 
of larval shells will soon be more com- 
prehensively described, and good, read- 
able photomicrographs of them obtained; 
as yet, however, they are not available. 
Finally, the lack of hinge structure in 
some species and the similarity between 
structures of others, make it possible 
that differences sufficient for the identi- 
fication of closely related species may 
not be found. 

A visual record of the outline of a 
larva during the period of its growth 
from straight-hinge stage until meta- 
morphosis surely is one of the logical 
means of identification. Many bivalve 
larvae of the pelagic type, however, 
possess basically the same anatomical 
features and, because some of these 


features are not easily distinguishable 
in the early straight-hinge stages, this 
period is one when recognition of larvae 
presents a difficult problem. 

The differences in shapes of mol- 
luscan larvae, nevertheless, are and 
will remain a criterion for identifying 
individuals of widely separated species. 
For instance, the general outlines of 
Ostrea edulis, Crassostrea gigas and 
Mya arenaria are so different that they 
are readily distinguishable (Figs. 19, 
28, 55). Closely related forms, on the 
other hand, are hard to separate. For 
example, in some water basins we may 
find 2 or more species of the same genus 
whose larvae at all stages of development 
resemble .each other so closely that itis 
virtually impossible to tell them apart. 
An example of this similarity is offered 
by 2 species of the genus Crassostrea: 
C. virginica, the eastern oyster (Fig. 25), 
and C. gigas, the oyster from Japan (Fig. 
28), which have been introduced in sever - 
al areas of our Pacific coast. Bothspe- 
cies are found at present in Tomales Bay, 
California, although low water tempera- 
ture prevents them from propagating 
every year. Nevertheless, spawnings oc- 
cur occasionally and, when they do, the 
Similarity of the larvae can make it 
virutally impossible to tell to which spe- 
cies they belong. 

Similar problems may be encountered 
in waters where 2 species of the genus 
Ostrea are found. This situationis a defi- 
nite possibility because we have intro- 
duced the European oyster, O. edulis 
(Fig. 19), in several areas of the Pacific 
coast (Loosanoff, 1951, 1955), where an- 
other species, O. lurida (Fig. 22), isna- 
tive. Our recent observations опО. edu- 
lis, which were reared as Spat at the Bio- 
logical Laboratory in Milford, Connecti- 
cut, and then planted in Tomales Bay and 
Drake’s Bay, California, have shown that 
these oysters bear the larvae in their 
gills as early as April. The datesof the 
end of spawning and swarming have not 
been determined but, on the basis of ob- 
servations at Milford and the examination 
of a few oysters in California waters, we 
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may assume that some of the larvae will 
be discharged as late as the beginning of 
October. Larvae of O. lurida willproba- 
bly be found in the same waters during 
the same time. Thus, during a period of 
several months, extending approximately 
from April until October, the larvae of 
the 2 species will be present inthe same 
environment and, because of their simi- 
larity, will be extremely difficult to tell 
apart. 

The recently developed technique of 
growing bivalve larvae from fertilized 
eggs to metamorphosis under controlled 
conditions has also provided us with a 
second aid for their identification: the 
dimensions of the larvae during different 
stages of their growth. The measure- 
ments reported in this paper are ex- 
pressed in microns and refer to the 
length and width of the larval shells. 
The length measurement represents the 
longest distance along the anterior- 
posterior line of the shell, roughly 
parallel to the hinge. The width is the 
distance from the tip of the umbo to the 
ventral margin of the shell. Some au- 
thors prefer to call the latter measure- 
ment “depth” or “height”. However, we 
will continue to callit “width” for several 
considerations, the principal being that 
numerous publications by members of 
the Milford Laboratory employ the words 
“length” and “width” to describe larval 
sizes (see Loosanoff & Davis, 1963). 
A change of our commonly used term 
“width” to a less familiar “depth” or 
“height” could create confusion. More- 
over, measurements of post-larval and 
adult forms of many bivalves, such as 
Mercenaria mercenaria and other clams, 
are expressed in terms of “width” rather 
than “depth” or ”height”. Our termin- 
ology therefore seems to be most logical 
in the study of the entire life histories. 

Workers who attempt to identify the 
larvae of different species may find the 
length-width data which we offer of value 
because they give, for each species, the 
possible range in width for the larvae 
of each length. Furthermore, our data 
indicate the frequency with which each 
width occurs at a given length. For 


example, the widths recorded for the 
larvae of Arca transversa, which mea- 
sured 130 „ in length, ranged from 100- 
115 y (Fig. 5). Of the 60 larvae of that 
length, however, only 12 individuals were 
100 y wide, 39 were 105 и wide, 8 were 
110 » wide, and only 1 was as wide as 
115 м. Thus, a worker who encounters 
a larva 130 y long and susyects that it 
is A. transversa can, by noting its 
width, refer immediately to our length- 
width curve to estimate the probability 
that the larva belongs to that species. 

Larvae of some bivalves, such as 
Ostrea edulis and O. lurida, may, in the 
last stages of growth, measure as much 
as 200 и in thickness if the measure- 
ment is taken near the hinge. Under the 
microscope, therefore, the larvae may 
appear as thick wedges tapering rapidly 
from the hinge to the sharp ventral side. 
This circumstance makes it difficult to 
obtain accurate measurements of the 
larval thickness and may also explain 
the considerable variations in the width 
measurements of larvae with the same 
length. For example, widths of larvae 
of О. edulis 230 u long may vary from 
185-220 u, ¿.e. about 35 в (123) 
Conversely, the relative roundness of 
the larvae may influence the accuracy of 
the length measurements because the 
larvae 210 и in width may vary from 
about 225-265 „ in length. The same 
difficulties are encountered in measuring 
the larvae of other species with thick 
umbones. These facts must be taken 
into considerationinforming conclusions 
based on shell measurements. 

From the measurements now available 
it is also possible to offer length-width 
relationships of larvae of different sizes 
and to calculate the formula for the re- 
gression of width on length for each 
species. For example, the length-width 
data of Crassostrea gigas givearegres- 
sion equation of W=1.104 L-8.94, while 
the same value for Ostrea lurida is 
W=0.897 L-4.1. The difference between 
the regression lines of these 2 generais 
statistically significant. On the other 
hand, the median lines fitted by visual 
examination for the length-width data on 


BIVALVE LARVAE 359 


our graphs make it evident that regres- 
sion lines for the larvae of C. gigas and 
C. virginica are so similar that they 
probably cannot be distinguished mathe- 
matically. The sameistrue ofthelarvae 
of O. edulis and O. lurida. We are con- 
tinuing the mathematical analysis of the 
data and shall present the results of these 
studies in a separate article. Although 
these results may be of considerable 
theoretical interest, they probably would 
not help significantly in routine identi- 
fication of the larvae in plankton samples. 

The length and width measurements, 
although helpful in distinguishing the 
larvae of different genera, may be of 
little value inidentifying larvae of closely 
related forms, such as Crassostrea 
virginica and C. gigas or the two spe- 
cies of the genus Ostrea, because mea- 
surements of the larvae of the 2 related 
species are almost identical. 

The color of larvae has been sug- 
gested by some authors as one of the 
characters on which their identification 
could be based (Sullivan, 1948). We do 
not agree that itisa dependable criterion 
because we have noticed frequently that 
the color of laboratory-grown larvae, 
especially in the early stages of de- 
velopment, depends to a large extent 
on the color of the food they consume 
(Loosanoff & Davis, 1950). Since the 
color may be changed under laboratory 
conditions by feeding the larvae different 
foods, it may be assumed that in nature, 
where the quality and quantity of plankton, 
especially phytoplankton, undergo almost 
continuous change, the color of the larvae 
may be correspondingly affected. This 
view applies principally to younger sta- 
ges, whereas the color of the older lar- 
vae with well-developed, heavy, thick 
shells may not be easily altered. The 
changes in color are due, of course, to the 
changes in color of the digestive tract. 

Quayle (1952) was also of the opinion 
that the loss of color of veligers upon 
preservation makes color differences, 
even if sometimes displayed by living 
larvae, valueless to students of plankton. 
Certain other anatomical details, suchas 


eye spots or the position of the diges- 
tive gland, likewise become fainter or 
disappear entirely soon after preserva- 
tion. It is principally the outline of a 
prodissoconch, including degree of slope 
from umbone anteriorly and posteriorly, 
its size, and the hinge teeth when pre- 
sent, that will help most in identifying 
a larva. However, the hinge structure 
may also soon become useless by being 
partly dissolved by the preserving fluid 
if specimens are kept in formalin that 
is only slightly acid. 

In this article we offer a series of 
photomicrographs of larvae of 20 species 
of bivalves in different stages of their 
growth and development. All the larvae 
were grown under contolled conditions 
from the eggs of known parents or re- 
leased by them in swarming. Our photo- 
micrographs show a succession of sizes 
and shapes of the larvae of each spe- 
cies, from early straight-hinge stage to 
the maximal or nearly maximal size. 

Whole specimens were used for photo- 
graphy, although we realize that only the 
use of a single valve makes it possible 
to avoid the tilt of the umbo region, a 
condition which may change considerably 
the outline of a larval shell. Because 
most workers will deal with the entire 
animal, not with a single valve, they 
will see the larvae in positions similar 
to those given in our photographs. We 
prefer, therefore, to show photomicro- 
graphs of whole larvae with the 2 valves 
intact. We hope that the material offered 
will help workers engaged in studies of 
zooplankton in general and bivalve larvae 
in particular. 

Since bivalve larvae have been des- 
cribed frequently, it would be super- 
fluous to repeat the detailed descrip- 
tions. We offer, therefore, only a dia- 
grammatic drawing showing the major 
features of a typical bivalve larva during 
several stages of its development (Fig. 
1). Those interested in more detailed 
descriptions of larval structure should 
refer to the articles ontheir morphology 
offered by several authors, the most 
recent by Quayle (1952) and Ansell 
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(1962). The listof referencesin Ansell’s 
paper should be helpful in pursuing the 
studies further. 

We admit that we still do not have a 
fully dependable, simple method toiden- 
tify easily the larvae of most species 
of bivalves. We have, nevertheless, 
several reliable means that, under cer- 
tain conditions, may be extremely help- 
ful. We offer especially the series of 
photomicrographs of the larvae showing 
their shapes and also give extensive data 
on their length and width. Use of these 
2 criteria may resolve readily many 
problems of identification which ap- 
peared insoluble only a decade ог so ago. 

We believe also that, since the me- 
thods for culturing bivalve larvae are 
continuously being improved, better 
means for studies of their differences, 
applicable in field work, may become 
available. Chemical methods for the 
identification of larvae eventually may 
be used. Some of them may be based 
on differences in the enzyme comple- 
ment of different species. In this me- 
thod, a change of color when the larvae 
are placed in solutions of certain chemi- 
cals may indicate to which family, or 
perhaps even genus, they belong. Itis 
also possible that microserological and 
micro-chromatographic methods can be 
applied. 

The material for this article was col- 
lected over a period of approximately 
15 years. At first we did not contem- 
plate preparation of a paper describing 
the larvae of different species, and it 
was considerably later, only after we 
realized how much valuable material 
had accumulated, that we decided to 
summarize it in the present form. At 
the beginning of these studies our tech- 
niques were less refined than they are 
now. As a result, the quality of photo- 
graphs of the larvae of different species 
varies. Those of the earlier period are 
somewhat inferior to those taken later. 
Several members of our staff took the 
pictures of the larvae used in this ar- 
ticle, and during this long period dif- 
ferent cameras, microscopes, and 


sources of illumination had to be used. 
Because of these circumstances the pho- 
tographs of some species may appear 
lighter than others. The density of the 
photographs should not be considered a 
criterion for identification. For the same 
reasons the magnifications of the photo- 
micrographs of all species of the lar- 
vae are not identical. Rather than give 
magnifications of the larvae, we offer 
the actual dimensions in microns. 

Finally, some photographs, especially 
of the early larval stages, may have 
dark backgrounds. This defectis almost 
unavoidable because the young larvae are 
sometimes so transparent that to ob- 
tain sharp outlines the background of 
the photograph must appear dark. We 
hope, nevertheless, that these imperfec- 
tions will be overlooked because arepe- 
tition of the studies needed to prepare 
more uniform photographs would require 
many years of persistent work. 

Miner (1950) and Abbott (1954) pro- 
vided most of the information onthe geo- 
graphical distribution of the different 
species. Sequence of the species in the 
manuscript is given also largely ac- 
cording to Abbott. The notable excep- 
tion is Laevicardium mortoni, at the 
end of the list. This placement is not 
for reasons of classification but be- 
cause we do not have a series of 4 
photomicrographs of the groups of larvae 
of Laevicardium similar to those of the 
other 19 bivalves described in this ar- 
ticle. ; 


PREPARATION OF PERMANENT 
MOUNTS OF WHOLE LARVAE 


Soon after we began rearing bivalve 
larvae it was decided to preserve them 
as whole mounts to provide a permanent 
record of their size and general out- 
line. We thought that preparations of 
this type would be useful to students 
working on recognition of bivalve larvae 
in plankton collections and also for other 
studies of these organisms. After trying 
a variety of methods of preparing the 
slides we adopted the following technique, 
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which gives satisfactory results, es- 
pecially if the last 2 steps of passing 
the specimen through a mixture of alco- 
hol and xylene are closely followed: 
1. Kill and fix in 3.0% neutral forma- 
lin, using 40% commercial forma- 

lin as 100%, 30 minutes to 1 hour 


2. Alcohol: 35%, 5 minutes 

3. Alcohol: 50%, 5 minutes 

4. Alcohol: 70%, 5 minutes 

5. Alcohol: 80%, 15 minutes 

6. Alcohol: 95%, 30 minutes 

7. Alcohol: 100%, 15 minutes 

8. Alcohol: 100%, 10 minutes 

9. 3 parts of 100% alcohol + 1 part of 

xylene, 5 minutes 
10. Equal parts of 100 % alcohol and 


xylene, 5 minutes 

11. One part of 100% alcohol + 3 parts 
xylene, 5 minutes 

12. Xylene, 5 minutes 

13. Mount from xylene in synthetic 
resin mounting medium and place 
the cover glass on it. 

It is sometimes advantageous to color 
the larvae artificially to bring out more 
clearly their outlines andinternal struc- 
tures in the final preparation. The 
living larvae are placed in a solution of 
1 mg of Neutral Red in 1 liter of sea 
water for about 1-1/2 hours before killing 
and fixing them (Loosanoff & Davis, 
1947). After the larvae acquire suf- 
ficiently dense color they are collected 
on a fine screen, washed and processed. 
If the Neurtral Red stored by the larvae 
in their bodies before fixation is partly 
lost during processing, it may be de- 
sirable to add to all alcohol solutions a 
few drops of Brilliant Vital Red (Evans) 
to restore the color. 

During processing larval samples are 
carried from one solution to another in 
a small container made of the upper part 
of a small vial with a piece of number 
20 silk bolting cloth or correspondingly 
fine plastic mesh securely tied around 
the lip. The fluid passes through the 
cloth, but the larvae are retained. This 
device, which one of us has used for 
more than 35 years, simplifies greatly 
the problem of preparing whole mounts 


of small organisms, including phyto- 
plankton. 

Slides prepared in this way have been 
distributed to students of bivalve larvae 
in several countries. Many sets of slides 
are still in use and in good condition. 
We believe that these slides, in combi- 
nation with the series of photomicro- 
graphs and length-width measurements 
of the larvae which we offer in this 
article, will help significantly in iden- 
tifying larvae. 


DESCRIPTION OF DIFFERENT 
SPECIES 


1. Arca transversa Say 


This species, known by the common 
names Transverse Ark Shell or Blood 
Clam, ranges from New England to the 
Florida Keys, and in some areas, in- 
cluding Long Island Sound, is compara- 
tively numerous. Itis a member of the 
Family Arcidae, several representatives 
of which are found within the same range 
of distribution as Arca transversa. 

The larvae of this species resemble, 
in general, the rhomboidal shape of the 
adults; the umbo is directed slightly for- 
ward. The resemblance between the 
shapes of the larvae and the adults be- 
comes especially noticeable as the for- 
mer approach metamorphosis (Figs. 3, 
4). 

The smallest normal straight-hinge 
larva in our cultures was 70 y long and 
55 и wide. The early straight-hinge lar- 
vae are usually somewhat larger, how- 
ever, approximately 75 x 57 y (Fig. 5). 
The difference between length and width 
of the larvae is large. Among the youn- 
gest straight-hinge individuals it may be 
approximately 20 y, and at the time 
of metamorphosis the length may ex- 
ceed the width by almost 70 u (Fig. 5). 
Widths of larvae of the same length also 
vary considerably. For example, among 
24 larvae all 255 y long, widths ranged 
from 175-200 u. 

Larvae of the early straight-hinge 
stage are considerably darker than the 
larvae of corresponding stages of most 
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FIG. 3. Group photographs of different sizes of larvae of Arca transversa. Smallest individuals 
of the youngest group are approximately 70 u long, and the largest of the oldest, approximately 
230 p. 
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92x75 105х80 16x91 128x108 





143x116 157х123 170х130 190x145 





210x160 231x177 250x187 


FIG. 4. Photographs of larvae of Arca tvansversa in different stages of development from early 
straight-hinge stage (A) to the stage of metamorphosis (L). Measurements are in microns; the 
first figure under a photograph indicates length, and the second, width of the larva. 
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FIG. 5. Length-width relations of larvae of Arca transversa during the entire free-swimming 
veliger stage. Measurements in microns. The figures at dots indicate the numbers of larvae 


of each dimension. 


other species, and they become darker 
as their size increases. In living, 
laboratory-reared larvae, the pointed 
end of the shell normally displays a 
reddish-brown color whenthe individuals 
reach approximately 140 и in length, 
while the opposite, or more rounded end 
remains brown. An “eye” spot usually 
appears at the length of about 225 y and 
becomes more conspicuous as the lar- 
vae approach metamorphosis. In some 
individuals, however, especially those 
growing at a comparatively slow rate, 
the “eye” spot may be seen in larvae 
only about 205 » long. An umbo begins 
to form when the larvae reach about 
110 y in length and is normally well- 
defined at the length of 130 u (Fig. 4). 


The majority of normal larvae begin 
to metamorphose at lengths ranging be- 
tween 240 and 260 u. However, as al- 
ready reported for bivalve larvae in 
general (Loosanoff et al., 1951; Loosa- 
noff & Davis, 1963), considerable varia- 
tions in setting sizes of Arca trans- 
versa are normal. For example, some 
larvae were only 215 » long at meta- 
morphosis, whereas others, possibly ab- 
normal in some respects, were con- 
siderably larger than 260 y. One indi- 
vidual of 310 u was seen still swim- 
ming although it had already developed 
a large foot. Possibly it had already 
metamorphosed. Some individuals in 
the later stages of metamorphosis al- 
ready possess a byssus with which they 
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can attach themselves to suitable sur- 
faces. 

The literature on Arca transversacon- 
tains no references describing its spawn- 
ing or larval development. It appears 
certain, however, that this clam spawns 
during late spring because some indi- 
viduals brought from Long Island Sound 
to the laboratory in the middle of May 
spawned within 2 or 3 hours after being 
placed inwarm water (Loosanoff & Davis, 
1963). 


2. Mytilus edulis Linnaeus 


The mussel family includes some of 
the most common and abundant species 
of bivalves. Mytilus edulis is probably 
one of the best-known representatives of 
the group. On our Atlantic coast itis 
found from the Arctic to North Carolina, 
and on the Pacific coast, from Alaska to 
California. These mussels are also 
numerous along the European shores, 
where they support important fisheries. 

Because of their common occurrence, 
the larvae of Mytilus edulis have been 
described by a number of authors, in- 
cluding Borisjak (1909), Werner (1939), 
Jorgensen (1946), Sullivan (1948), Rees 
(1950) and Loosanoff & Davis (1963). The 
smallest straight-hinge larvae of the 
mussels grown in our cultures were 
approximately 94 x 64 y, and the largest 
measured about 300 x 286 y (Figs. 6, 7, 
8). 

Live mussel larvae display an “eye” 
spot, from 5-7 и in diameter, near the 
center of their bodies. This spot ap- 
pears when the larvae are approximately 
215 и long. Normally, all larvae about 
230 y or longer possess the “eye” spot. 
A well-developed foot may appear in 
larvae as small as 185 y long, although 
normally the first signs of the foot are 
noticed when the larvae approach 210 u. 
At the length of about 235 u the majority 
of the larvae already possess this organ. 

The smallest metamorphosed indivi- 
dual, found already attached by its bys- 
sus to old oyster shell placed onthe bot- 
tom of our culture vessels, measured 
only about 215 x 200 u. Fully meta- 


morphosed mussels, also attached by a 
byssus but only 225 y long, were not 
uncommon. In some cultures, however, 
larvae almost 300 y in length were still 
swimming actively. Thus, the length at 
which mussel larvae metamorphosed in 
our cultures varied by nearly 90 u. 

Stafford (1912) reported that the lar- 
gest swimming larvae ofthe mussel were 
400 x 330 u. It is doubtful that he ac- 
tually measured the larvae of Mytilus 
edulis because his measurements are 
so different from ours made on larvae 
of known origin. Nelson (1928) also 
reported that the size of the larvae was 
much larger than ours. According to 
him the largest swimming larvae of M. 
edulis measured 376 x 344 u. He stated 
that recognition of the larvae of this 
Species is made easy because of their 
small width. Although this is true of 
most straight-hinge stages, the larger 
larvae become relatively wider (see 
Figs. 7, 8). Furthermore, Nelson’s 
measurements contradict his contention 
as to the relatively small width of his 
larvae. Finally, photomicrographs of the 
larvae given by Nelson show at least 
one individual in which the length and 
width are almost identical. 

Werner’s (1939) measurements of 
length and width of the larvae of Mytilus 
edulis agree, in general, with ours, ex- 
cept that he gave the measurement of 
his smallest larvae as approximately 
112 x 84 и, which is considerably larger 
than the dimensions of our smallest 
larvae (Figs. 7, 8). Jorgensen (1946) 
commented on the remarkable peculiari- 
ties of the larvae of M. edulis because 
of the extensive variability of their shape 
and color of the shell. He also men- 
tioned the large differences in sizes 
of larvae undergoing metamorphosis. 

Sullivan (1948) reported that the lar- 
vae of Mytilus edulis ranged from about 
155 x 120 u to about 355 x 320 u. Sul- 
livan’s data indicate, therefore, that 
her measurements of the smallest lar- 
vae were approximately 60 „ larger 
than ours, whereas her largest larvae 
measured about 50 » more than the lar- 
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FIG. 6. Group photographs of different sizes of larvae of Mytilus edulis. Smallest individuals 
of the youngest group are approximately 90 u long, and the largest of the oldest, approximately 
225 p. 
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152x129 170x149 I90x166 215 x 201 





232x210 260x247 296x282 


FIG. 7. Photographs of larvae of Mytilus edulis in different stages of development from early 
straight-hinge stage (A) to the stage of metamorphosis (K). Measurements are in microns; the 
first figure under a photograph indicates length, and the second, width of the larva. 
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gest larvae in our samples. 

Rees (1950) stated that straight-hinge 
larvae of both Mytzlus and Modiolus have 
similar shapes though in Modiolus the 
narrow end of the shell is less pointed 
than in Mytilus. In more advanced 
stages, however, the shape and general 
outline of the larvae of these 2 forms 





210 230 250 270 290 310 


Length-width relations »of larvae of Mytilus edulis during the entire free-swimming 
The figures at dots indicate the numbers of larvae 


become increasingly different. 
3. Modiolus demissus (Dillwyn) 


Modiolus demissus, the common rib- 
bed mussel of the Atlantic coast, is also 
called Volsella demissus, V. plicatula, 
M. plicatula and several other names. 
It ranges from Prince Edward Island 
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to South Carolina and Georgia. In 
some areas it is extremely abundant, 
especially in tidal marshes, on mud 
flats and among the rocks a few feet 
above mean low-water mark. 

At the early straight-hinge stage most 
of the larvae of Modiolus demissus mea- 
sure from 110-115 „ in length and from 
85-95 и in width, although occasionally 
smaller individuals, only about 105 u 
long, are found in cultures (Figs. 9, 10, 
11). A few larvae develop a functional 
foot and a prominent “eye” spot at the 
length of about 200 „, and some may 
metamorphose at only about 220 u long. 
These larvae are exceptional, however, 
because the majority do not lose their 
vela until they are approximately 275 u 
long. In some cultures a few indivi- 
duals still possessing a functional velum 
were about 300 y long. Thus, while we 
agree with Sullivan (1948) on the size of 
the smallest straight-hinge larvae ofthis 
Species, our largest larvae, measuring 
approximately 305 x 260 u, were con- 
siderably larger than the maximum size 
of 205 x 170 u given by her. 

Despite the common occurrence of 
Modiolus demissus, Sullivan’s article 
was the only reference we found that 
described the larvae of this species. 
Partial descriptions of the larvae of M. 
modiolus, and other closely related 
forms, have been offered, however, by 
Werner (1939) and Jorgensen (1946). 
Jgrgensen suggests a close resemblance 
between the veligers of M. demissus and 
Mytilus edulis. We find, however, that 
the larvae of these 2 presumably closely 
related species are different in their 
length-width ratios and also in their 
general appearance when they are near 
metamophosis (compare Figs. 7, 10). 
We may add also that the photomicro- 
graphs of the larvae of Modiolus modio- 
lus given by Rees (1950) show that the 
shapes of larvae of this species appear 
to be rather different from those of lar- 
vae of M. demissus grown at our labora- 
tory. 


4. Anomia simplex D’Orbigny 


This mollusk, commonly called the 


Silver or Jingle Shell, is abundant from 
Nova Scotia to the West Indies. It is 
extremely numerous during some sum- 
mers in Long Island Sound where it sets, 
together with the new generation of 
oysters, on old shells and rocks, com- 
peting with the oyster set for space 
and food. 

Larvae of Anomia have been des- 
cribed by a number of workers, in- 
cluding: Stafford (1912) and Sullivan 
(1948), who gave descriptions of A. 
aculeata; Miyazaki (1935), who described 
the larvae of the Japanese species, A. 
lischkei; Lebour (1938) and Jgrgensen 
(1946), who offered descriptions of A. 
squamula; and Rees (1950), who re- 
ferred briefly to 3 species of Anomia. 

The smallest larvae in our cultures 
measured about 58 x 47 „, although 
young straight-hinge larvae are normally 
somewhat larger (Figs. 12, 13, 14). 
During the early stages of development 
the length of the larvae is about 10 u 
greater than the width. Later, when 
the length reaches approximately 135 u, 
the width increases more rapidly than 
the length, and during the final stages 
the two dimensions are almost identi- 
cal (Fig. 13). 

Considerable difference is noticeable 
in the shape of the 2 shells of a larva 
even during the early straight-hinge 
stage. Normally, one shell is well 
rounded, while the other, whichbecomes 
the lower when the animal is attached, 
is nearly flat. Thisdifferenceis notice- 
able at all stages of larval development. 
Moreover, the umbo of the right shell 
is not well developed. Jorgensen (1946) 
made the same observation on the shells 
of Anomia squamula. 

During early development the shells 
of the larvae of Anomia simplex are 
almost transparent and nearly colorless. 
Even whenthe larvae approach metamor- 
phosis their shells remain transparent. 
Because ofthe prominent umbo developed 
during advanced stages, the larvae of A. 
simplex may be mistaken for those of 
oysters of the genus Crassostrea, which 
also have a protruding umbo. This mis- 
take can be avoided by remembering that 
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FIG. 9. Group photographs of different sizes of larvae of Modiolus demissus. Smallest indi- 
viduals of the youngest group are approximately 105 long, and the largest of the oldest, 
approximately 290 u. 
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FIG. 10. Photographs of larvae of Modiolus demissus in different stages of development from 
early straight-hinge stage (A) to the stage of metamorphosis (K). Measurements are in microns; 
the first figure under a photograph indicates length, and the second, width of the larva. 
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FIG. 11. Length-width relations of larvae of Modiolus demissus during the entire free-swim- 
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in A. simplex the digestive organs are 
located almost beneath the umbones, or 
much higher than in the larvae of C. 
virginica or C. gigas. Moreover, the 
umbo of Anomia points straight up from 
the hinge line, whereas the umbo of 
Crassostrea slants posteriorly. 

The indentation known as the byssus 
notch, which, according to some authors, 
is a diagnostic feature of Anomialarvae, 
could not always be found in our Speci- 
mens. Sometimes, however, this notch 
was seen in larvae only about 180 y long. 


Even then, it was often only a thickening 
of the shell edge on the side opposite 
the foot (Figs. 12, 13). 

An “eye” spot could not be found in 
all larvae, even those that were approa- 
ching metamorphosis. In other indivi- 
duals, however, the “eye” was observed 
when they were relatively small, only 
about 135 „long. Usually the “eye”, com- 
posed of 4-6 united dark bodies, appeared 
in the larvae when they were approxi- 
mately 160 y long. 

Metamorphosis of larvae of Anomia 
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FIG. 12. Group photographs of different sizes of larvae of Anomia simplex. Smallest indi- 
viduals of the youngest group are approximately 65 и long, and the largest of the oldest, approxi- 
mately 205 u. 
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FIG. 13. Photographs of larvae of Anomia simplex in different stages of development from 
early straight-hinge stage (A)to the stage of metamorphosis (L). Measurements are in microns; 
the first figure under a photograph indicates length, and the second, width of the larva. 
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FIG. 14. Length-width relations of larvae of Anomia simplex during the entire free-swimming 


veliger stage. Measurements in microns. 
of each dimension. 


simplex sometimes begins when the indi- 
viduals are only slightly more than 180 y 
long. Most metamorphosing larvae, how- 
ever, measured between 195 and 210 u; 
the largest swimming larvae were ap- 
proximately 215 y x 220 y (Loosanoff 
€ Davis, 1963). 

Many larvae of Anomia simplex grown 


The figures at dots indicate the numbers of larvae 


under laboratory conditions displayed an 
extremely interesting phenomenon called 
“partial metamorphosis” (Loosanoff, 
1961). This condition is characterized 
by the disappearance of the velum but 
retention of a functional foot past the 
size at which metamorphosis and attach- 
ment normally occur. Eventhough some 
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of these individuals measured approxi- 
mately 500 y, they were apparently un- 
able to attach to the substratum. These 
individuals had one pecularity in com- 
mon, namely, the presence of a definite, 
narrow band on their shells. This band 
probably indicated the edge of the pro- 
dissoconch, or larval shell, and the be- 
ginning of the dissoconch, or post-larval 
shell. A similar abnormality may per- 
haps be observed in larvae of other spe- 
cies of the genus Anomia living under 
natural conditions, when some factorsin 
their environment are unfavorable for 
metamorphosis. 


5. Aequipecten irradians (Lamarck) 


Aequipecten irradians, the common 
scallop of our Atlantic coast, sometimes 
identified as Pecten irradians, extends 
from Nova Scotia to the northern half 
of Florida and is also found along the 
coast of Texas. According to Clarke 
(1965) there are 3 distinct subspecies 
of this scallop; the type with which we 
worked, A. 7. irradians, is found from 
Massachusetts to New Jersey. 

Embryonic development of the scallop 
has been described by several students, 
including Costello et al. (1957), who of- 
fered a good review of the literature on 
this aspect of the scallop’s life history. 
The more advanced stages, however, 
straight-hinge and later, have never 
been described in detail. Wells (1927), 
who grew the larvae of Aequipecten 
irvadians to metamorphosis, gave only 
a brief description, but did include in 
his article a series of photomicrographs 
showing the different larval stages. His 
photographs were used later by several 
other authors. 

The smallest normally developed 
straight-hinge larvae of Aequipecten ir- 
yadians in our cultures measured 80 x 
65 „, and the largest, still unmetamor- 
phosed, swimming individuals were ap- 
proximately 200 u long (Figs. 15, 16, 17). 
Some larvae metamorphosed when they 
were only about 175 y long. In general, 
therefore, the average size of metamor- 
phosing larvae of our scallops closely 


agrees with that given by Jérgensen 
(1946) for Pecten striatus; but our lar- 
vae were considerably smaller, by about 
50 м, than those of another European 
scallop, P. opercularis, which, according 
to Jérgensen, may be as long as 260 u. 

The larvae appear somewhat asym- 
metrical at all stages and this condition 
becomes more pronounced in the ad- 
vanced stages of development (Fig. 16). 
A slight notch sometimes is visible at 
the base of the shells of larvae mea- 
suring 125 y or more. The notch is lo- 
cated on the left, pointed end of the larval 
shell but generally is not pronounced and 
is difficult to photograph. This mark 
may be helpful, however, in identifying 
live or recently preserved larvae. 

In general, scallop larvae are pale 
and are considerably lighter than most 
other forms with which we have worked 
(Loosanoff & Davis, 1963). The color 
darkens as the larvae grow older, al- 
though they still remain relatively trans- 
parent. 

Most larvae measuring 170 u or more 
have an “eye” spot. In larger larvae, 
however, this spot is difficult to find, 
possibly because the “eye” is not too 
well defined and because the shells be- 
come thicker. A small, inconspicuous 
“eye” was noticed in some larvae only 
150 y long. 


6. Ostrea edulis Linnaeus 


We introduced this European oyster 
in American waters because it propa- 
gates at a considerably lower tempera- 
ture than our eastern oyster, Crass- 
ostrea virginica. Ostrea edulis can de- 
velop gonads and spawn in the waters 
of our northeastern states, such as 
Maine, and also along the Pacific coast 
where normally the water is too coldfor 
the successful propagation of C. virginica 
(Loosanoff, 1951). 

Since its introduction in the fall of 
1949, Ostrea edulis has spawned 
naturally in the waters of New England 
and has become firmly established in 
Maine (Loosanoff, 1955, 1962). The set 
of O. edulis grown from selected parents 
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FIG. 15. Group photographs of different sizes of larvae of Aequipecten irradians. Smallest in- 
dividuals of the youngest group are approximately 80 long, and the largest of the oldest, 
approximately 180 y. 
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FIG. 16. Photographs of larvae of Aequipecten irradians in different stages of development 
from early straight-hinge stage (A) to the stage of metamorphosis (L). Measurements are in 
microns; the first figure under a photograph indicates length, and the second, width of the 
larva. 
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FIG. 17. Length-width relations of larvae of Aequipecten irradians during the entire free- 


swimming veliger stage. Measurements in microns. 


of larvae of each dimension. 


at the Milford Laboratory was planted 
in several areas of our Pacific coast. 
Where it was protected and properly 
cared for the set grew well. The des- 
cendants of the European oysters grew 
unusually fast in California waters, 
reaching approximately 4-1/4 inches in 
about 2 years. They also developed 
gonads and released larvae in a normal 
manner. Larvae-bearing O. edulis were 
observed in Tomales Bay, California, 


The figures at dots indicate the numbers 


in the middle of April. 

Those interested in propagation of 
Ostrea edulis should consult reviews by 
a number of authors, including Orton 
(1937), Korringa (1941), Walne (1956), 
Yonge (1960) and Loosanoff & Davis 
(1963). - 

Ostrea edulis is а larviparous species 
which discharges its half-grown larvae 
into the surrounding water, 6-10 days 
after spawning, in a process known as 
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FIG. 18. Group photographs of different sizes of larvae of Ostrea edulis. Smallest individuals 
of the youngest group are approximately 175 u long, and the largest of the oldest, approximately 
300 u. 
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FIG. 19. Photographs of larvae of Ostrea edulis from the time they are released in swarming 
by the parents (A) until the time of metamorphosis (G). Measurements are in microns; the 
first figure under a photograph indicates length, and the second, width of the larva. 
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FIG. 20. 
veliger stage. Measurements in microns. 
of each dimension. 


swarming. Until then the fertilized eggs 
and, later, the larvae are retained inthe 
mantle cavity of the mother oyster. 
The size of recently released larvae 
varies considerably even when they are 
released by the same female at the same 
swarming (Loosanoff & Davis, 1963). 
One female, for example, released larvae 
that ranged from 142 y to 199 y in 


230 
Length 


LOOSANOFF, DAVIS AND CHANLEY 


y en ew 


—o De Les eo е— 
Ue ue be ne Ney 
De Meme pe 


— We Me dog oD e—e— 





250 


270 290 310 


Length-width relations of larvae of Ostrea edulis during the entire free-swimming 
The figures at dots indicate the numbers of larvae 


length. The modal size of the larvae 
released by 6 separately kept females 
was about 184 u. We consider, however, 
that larvae smaller than 160 и in length 
are probably discharged prematurely. 
Larvae over 160 y are, apparently, suf- 
ficiently developed to grow to metamor- 
phosis without difficulty (Figs. 18, 19, 
20). 
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Even recently released larvae of Os- 
trea edulis are considerably darker than 
those of most other species cultured at 
our laboratory, with the possible excep- 
tion of the larvae of O. lurida, a close 
relative of the European oyster. As the 
size of the larvae increases, their shells 
become thicker and their color becomes 
darker, almost completely obscuring the 
internal organs. Soon after the larvae 
reach approximately 210 y the umbo be- 
comes more prominent, and at about 
240 u it is well defined (Fig. 19). Most 
of the larvae develop a prominently pig- 
mented “eye” spot at 250 и which, how- 
ever, cannot be found easily in pre- 
served specimens. 

Setting occurred most commonly when 
the individuals were between 280 y and 
300 u long. Cole (1936) came tothe same 
conciusions. Nevertheless, we have 
never seen larvae as large as 350 u 
observed by Cole in his cultures. Imai 
et al. (1953a) found that none of the 
larvae of Ostrea edulis, which they cul- 
tured under controlled conditions, 
reached 300 и. In this respect we are 
in close agreement with our Japanese 
colleagues. Walne (1956) also reported 
that most of the larvae of O. edulis, 
which he reared, metamorphosed before 
reaching 300 y. 

As can be seen from the length-width 
relationship in Fig. 20, the median line 
displays a depression which begins at 
about 215 и and persists until the length 
is approximately 255 и. A somewhat 
Similar depression is noticed in the 
median line of the related species, Os- 
trea lurida (Fig. 23). 


7. Ostrea lurida Carpenter 


Ostrea lurida, the native oyster of 
our Pacific coast, is found from Alaska 
to lower California. It is a common in- 
tertidal form which several decades ago 
was of considerable commercial impor- 
tance. It is a close relative of O. edulis, 
the flat European oyster, but is much 
smaller. 

Regardless of the difference in sizes 
of fully grown individuals of the 2 spe- 


cies, the average length of the normal 
larvae of Ostrea lurida at the time of 
Swarming is about 185 „, practically the 
same as that of the larvae of O. edulis 
(Loosanoff & Davis, 1963). Observations 
of other workers on the sizes of re- 
cently discharged larvae of O. lurida 
closely agree with ours (Hori, 1933; 
Hopkins, 1937; Imai et al., 1954). Rela- 
tively small larvae measuring only 160 
x 150 и released in some swarmings at 
our laboratory (Figs. 21, 22, 23) were 
apparently immature because they were 
unable to withdraw the velum completely. 
Under favorable conditions some of these 
larvae may survive and finally reach 
metamorphosis. 

Larvae become darker as they grow. 
Soon after they reach a length of about 
205 и the umbo region becomes more 
prominent, and larvae measuring 275 u 
acquire a Somewhat triangular outline 
(Fig. 22). The length becomes greater 
than the width as size increases, and at 
time of setting may exceed the latter by 
about 20 и. A comparison of Figs. 19 
and 22 shows that larvae of the same 
sizes of Ostrea edulis and O. lurida 
closely resemble each other. 

The most common setting size of the 
larvae grown in our laboratory cultures 
was about 300 y, which is not too dif- 
ferent from the setting sizes of either 
the larvae of Ostrea edulis or, as we 
will show later, the larvae of the genus 
Crassostrea. Free-swimming larvae of 
O. lurida measuring more than 310 u 
were uncommon and larvae somewhat 
larger, measuring 325 и, were rare 
(Fig. 23). In this respect we agree with 
Imai et al. (1954) who reported that some 
of their largest larvae measured 328 u. 

As mentioned in the discussion of 
Ostrea edulis, the median line of the 
length-width relationships of the larvae 
of O. lurida shows a depression in its 
central portion (Fig. 23). 


8. Crassostrea virginica (Gmelin) 


The American, or eastern oyster, 
Crassostrea virginica (formerly Os- 
trea virginica), is the chief commercial 
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FIG. 21. Group photographs of different sizes of larvae of Ostrea lurida. Smallest individuals 
of the youngest group are approximately 165 u long, and the largest of the oldest, approximately 
295% 
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FIG. 22. Photographs of larvae of Ostrea lurida from the time they are released in swarming 
by the parents (A) until the time of metamorphosis (К). Measurements are in microns; the 
first figure under a photograph indicates length, and the second, width of the larva. 
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FIG. 23. Length-width relations of larvae of Ostrea lurida during the entire free-swimming 


veliger stage. Measurements in microns. 
of each dimension. 


mollusk of our Atlantic and Gulf coasts. 
It is found in considerable numbers 
from Massachusetts south along the 
eastern coast of the United States and 
also along the Gulf of Mexico. Small 
groups of this oyster still live in the 
waters of Maine and New Hampshire. 
They are also cultivated in Canadian 
waters, mainly in the southern parts of 


The figures at dots indicate the numbers of larvae 


the Gulf of St. Lawrence. Small quan- 
tities are regularly transplanted to se- 
veral bays of our Pacific coast. 

The larvae of Crassostrea virginica 
have been described by many investi- 
gators, including Brooks (1880), Stafford 
(1912), J. Nelson (1909), Churchill (1920), 
T. Nelson (1921), Wells (1927), Prytherch 
(1924), Sullivan (1948) and Carriker 


BIVALVE LARVAE 387 





FIG. 24. Group photographs of different sizes of larvae of Crassostrea virginica. Smallest in- 
dividuals of the youngest group are approximately 72, long, and the largest of the oldest, 
approximately 305 u. 
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FIG. 25. Photographs of larvae of Crassostrea virginica in different stages of development 
from straight-hinge stage (A)to the stage of metamorphosis (L). Measurements are in microns; 
the first figure under a photograph indicates length, and the second, width of the larva. 
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FIG. 26. 
swimming veliger stage. 
of larvae of each dimension. 


(1951). Several of these authors offered 
drawings; J. Nelson (1909) was the first 
to publish photomicrographs. Later, 
Wells (1927) and, especially, Sullivan 
(1948) offered good series of photo- 
micrographs of larvae of different sizes. 
The larvae shown in the photographs of 
other investigators, however, were 
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Length-width relations of larvae of Crassostrea virginica during the entire free- 
Measurements in microns. 
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mostly either in straight-hinge stage or 
near metamorphosis. Yonge (1960) in- 
cluded in his book a series of photo- 
micrographs identical to those in our 
Fig. 25, which we sent him. 
Considerable information on many as- 
pects of the physiology, ecology and 
growth of the larvae of Crassostrea 
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virginica was given by Loosanoff & 
Davis (1963). Their observations show 
that the smallest normal straight-hinge 
larvae of C. virginica, grown under 
laboratory conditions, measure about 
68 x 55 и. Usually, however, these lar- 
vae are about 75 x 67 y (Figs. 24, 25, 
26). Until the larvae are about 85 и, their 
length is normally 5-10 и greater than 
their width. The length and width be- 
come almost identical, however, at ap- 
proximately 100 y. After that stage the 
increase in width is somewhat more 
rapid than in length. 

The length-width relationship of oyster 
larvae is almost linear, with the excep- 
tion of the part representing the length 
between 105 y and 130 u, where the line 
curves slightly (Fig. 26). It is shown 
later that C. gigas, another member of 
the genus Crassostrea, shows the same 
curvature in its length-width median 
line (Fig. 29). 

In general, the color of both labora- 
tory-grown and plankton-collected lar- 
vae changes with length from golden 
brown to deeper brown, to almost black 
when the larvae approach metamorpho- 
sis. An umbo begins to form when the 
larvae are between 85 and 90 y long 
and becomes increasingly prominent as 
they grow larger. The umbo is one of 
the most pronounced characters of 
Crassostrea virginica larvae (Figs. 24, 
25). The pronounced asymmetry of the 
umbones is an important feature of all 
larvae that are more than 115 y long. 
The asymmetry is due to the much fas- 
ter development of the left umbo, which 
eventually becomes so pronounced that 
it almost obscures the right umbo. 

The majority of our laboratory-grown 
larvae began to metamorphose at lengths 
between 275 and 315 и. Some larvae 
as long as 355 u were still swimming 
actively. These observations are in 
agreement with those on sizes of lar- 
vae in plankton samples collected in 
Long Island Sound during the 30-year 
period of our observations on spawning 
and setting of oysters, and also with the 
measurements of Prytherch (1924), who 
has done much research on setting of 


oysters in the same area. The measure- 
ments given by Sullivan (1948) also re- 
semble ours, whereasthe measurements 
of Stafford (1912), who gave the maxi- 
mum size of mature larvae as between 
345 and 393 и, are much greater. More- 
over, we disagree with Stafford’s meas- 
urements of the larvae of smaller sizes, 
especially within the length range from 
105 to 210 „. In this range Stafford’s 
larvae measure, as a rule, much more 
in length than in width. This relation 
does not hold generally (Fig. 25). 


9. Crassostrea gigas (Thunberg) 


This oyster, formerly knownas Ostrea 
gigas, is the mostimportant commercial 
mollusk of Japanese waters. It was 
introduced to this country around the 
turn of the century and is now grown in 
the waters of Washington and California 
and to a limited extent in Oregon. Itis 
also cultivated in British Columbia. 

Because of the comparatively low 
water temperatures along our Pacific 
coast, Crassostrea gigas does not re- 
produce regularly there. As a result, 
the industry depends mainly upon seed 
oysters imported every spring from Ja- 
pan. Nevertheless, these oysters spawn 
occasionally in some comparatively 
shallow, well-protected waters, and at 
times their larvae are abundant in plank- 
ton. Sets of commercial importance 
have occurred in certain areas. 

The larvae of Crassostrea gigas have 
been studied extensively by many Japan- 
ese workers. These studies were re- 
viewed by Cahn (1950) and Imai et al. 
(1950b). Our studies of larvae of C. 
gigas (Figs. 27, 28, 29) show that they 
are actually identical in size and appear- 
ance to the larvae of С. virginica. The 
length of the youngest well-formed 
straight-hinge larvae was approximately 
ТО u, and the size at metamorphosis 
was near 300 u. Regardless ofthe simi- 
larity of the 2 species, as far as size 
and shape of larvae were concerned, ef- 
forts to cross these 2 forms failed 
(Davis, 1950; Imai et al., 1950b). Our 
observations on the sizes of C. gigas 
closely agree with those of our Japanese 
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FIG.27. Group photographs of different sizes of larvae of Crassostrea gigas. Smallest indi- 
viduals of the youngest groupare approximately 70 y long, and the largest of the oldest, approxi- 
mately 285 u. 
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FIG. 28. Photographs of larvae of Crassostrea gigas in different stages of development from 
early straight-hinge stage (A) to the stage of metamorphosis (М). Measurements are in microns; 
the first figure under a photograph indicates length, and the second, width of the larva. 
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FIG. 29. Length-width relations of larvae of Crassostrea gigas duringthe entire free-swimming 


veliger stage. Measurements in microns. 
of each dimension. 


colleagues, including Hori & Kusakabe 
(1926) and Imai et al. (1950b). 

Tanaka (1954), from studies of Crass- 
ostrea gigas from widely separated oys- 
ter beds of Japan, concluded that the 
length of the prodissoconch of this oyster 
at the time of metamorphosis varied 
with locality. It was smaller in the 
northern areas and increased along the 


The figures at dots indicate the numbers of larvae 


southern parts of the Japanese coast. 


10. Mercenaria (=Venus) 
mercenaria (Linnaeus) 


One of the most important commer- 
cial clams of our Atlantic coast, Mer- 
cenaria mercenaria, is known by many 
names, including Round clam, Hardshell 
clam and quahog. It is found from the 
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FIG. 30. Group photographs of different sizes of larvae of Mercenaria mercenaria. Smallest 


individuals of the youngest group are approximately 101 y long, and the largest of the oldest, 
approximately 210 u. 
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FIG. 31. Photographs of larvae of Mercenaria mercenaria in different stages of development 
from early straight-hinge stage (A) to the stage of metamorphosis (K). Measurements are in 
microns; the first figure under a photograph indicates length, and the second, width of the larva. 
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FIG. 32. Length-width relations of larvae of Mercenaria mercenaria during the entire free- 
swimming veliger stage. Measurements in microns. The figures at dots indicate the numbers 


of larvae of each dimension. 


Gulf of St. Lawrence to Texas and is 
especially common south of Cape Cod. 

The larvae of this clam have been des- 
cribed and illustrated by several inves- 
tigators, including Stafford (1912), Bel- 
ding (1912), Wells (1927), Sullivan (1948) 
and Carriker (1961). Until the larvae 
could be cultured from known parents 
under laboratory conditions, however, 


there was no assurance that the des- 
criptions were really of this species. 
The first information of this nature was 
offered by Loosanoff & Davis (1950), 
who included intheir article photomicro- 
graphs and measurements of the larvae 
from their early straight-hinge stage to 
metamorphosis. Later, many other in- 
vestigators, including Turner & George 


BIVALVE LARVAE 397 


(1955) and Carriker (1961), cultured the 
larvae successfully. Because of the nu- 
merous recent studies of larvae of this 
species no uncertainty exists as to their 
general appearance and dimensions 
(Loosanoff & Davis, 1963). 

In our laboratory cultures only a few 
straight-hinge larvae were less than 
100 » long and most fully formed, 
straight-hinge veligers were approxi- 
mately 105 x 80 y (Figs. 30, 31, 32). Car- 
riker (1961) also recorded comparatively 
small larvae, some of which were only 
98 x 78 и. 

An umbo becomes visible when the 
larvae reach the length of approximately 
125-130 y (Figs. 30, 31). As the larvae 
continue to grow, their umbones become 
better defined but they are never as 
prominent as in such other bivalves as 
Anomia, Crassostrea and Teredo. Some 
larvae begin to metamorphose whenthey 
are only about 170 и long. The most 
common length at metamorphosis is 
between 200 and 215 y. Larvae 230 u 
long or longer are uncommon. Atmeta- 
morphosis, length is only 5-15 u greater 
than width. Carriker (1961) reported that 
the largest clam veligers of Little Egg 
Harbor, New Jersey, ranged from 182- 
198 u; thus, they metamorphosed at the 
same size as the larvae of Mercenaria 
mercenaria of Long Island Sound. 

We disagree with Stafford’s (1912) 
report indicating that the larvae of 
Mercenaria mercenaria grow to the 
size of 448 y before setting. Sullivan 
(1948) also described larvae of a spe- 
cies other than M. mercenaria, because 
she reported the maximum size of the 
larvae as 320 y, which is considerably 
larger than the size of fully mature 
larvae of this species. Sullivan later ex- 
plained (personal communication) that 
she had confused larvae of M. merce- 
naria with those of another bivalve. 
Jorgensen (1946) found that metamor- 
phosing veligers of the closely related 
species, Venus gallina, vary from 210- 
225 и in length, a size similar to ours. 

More recently, Ansell (1961, 1962) 
gave a comprehensive account of the ap- 
pearance and functional morphology of 


the closely related species, Venus gal- 
lina (=V. striatula). According to An- 
sell the larvae of this species metamor- 
phosed at approximately the same size 
as the larvae of Mercenaria mercenaria. 
Ansell cultured the larvae from known 
parents and under controlled con- 
ditions. 

We have grown the larvae of Merce- 
naria mercenaria from parents from 
widely separated geographical areas, but 
size of larvae at metamorphosis did not 
differ in different groups. Moreover, 
the larvae reared at 5 different tem- 
peratures metamorphosed at about the 
same size. 


11. Mercenaria (=Venus) 
campechiensis (Gmelin) 


This clam, known as the southern 
quahog and closely related to Merce- 
паба mercenaria, is found onthe Atlantic 
coast from Chesapeake Bay to Florida. 
Large numbers are also found inthe Gulf 
of Mexico. 

The larvae used in our studies origi- 
nated from parents brought from the 
sandy beaches of Apalachicola, Florida, 
in the Gulf of Mexico. All stages of the 
larvae were identical to similar stages 
of Mercenaria mercenaria (Figs. 33, 34, 
35). The lengths of early straight- 
hinge veligers ranged from 100-110 u. 
Metamorphosis occurred most com- 
monly within the length range of 175- 
215 y. 

As was already reported (Loosanoff 
& Davis, 1963), the spawning behavior of 
these 2 species was also virtually the 
same. Their larvae, when grown under 
identical conditions, including tempera- 
ture, grew at the same rate and began 
to metamorphose at the same time and 
the same size. These observations 
contradict the conclusion (Thorson, 1950) 
that the eggs and larvae of the southern 
species, when grown at a certain tem- 
perature, develop more slowly thanthose 
of the northern species of the same 
genus. Reciprocal crosses of the 2 
Species produced viable larvae which 
grew to metamorphosis. These hy- 
brids were fertile and their larvae were 


398 LOOSANOFF, DAVIS AND CHANLEY 





FIG. 33. Group photographs of different sizes of larvae of Mercenaria campechiensis. Small- 
individuals of the youngest group are approximately 100 y long, and the largest of the oldest, 
approximately 185 u. 
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FIG. 34. Photographs of larvae of Mercenaria campechiensis in different stages of development 
from early straight-hinge stage (A) to the stage of metamorphosis (J). Measurements are in 
microns; the first figure under a photograph indicates length, and the second, width of the larva. 
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FIG. 35. 
swimming veliger stage. 
of larvae of each dimension. 


reared to adult stage. 

We have seen no publications des- 
cribing the dimensions or shapes of 
larvae of Mercenaria campechiensis or 
any aspects of the behavior. 


12. Mulinia lateralis (Say) 


This little clam occurs along the 
Atlantic coast from Canada to Mexico 
and is known by a variety of names, 
including Duck clam, Little Surf clam, 
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Length-width relations of larvae of Mercenaria campechiensis during the entire free- 
Measurements in microns. 
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Coot clam and sometimes Small Mactra. 
In some years Mulinia lateralis is com- 
mon in Long Island Sound, both below 
and above low-water mark. They are 
usually found in the first half-inch ofthe 
bottom. 

Larvae of this clam are extremely 
numerous in plankton samples, espe- 
cially during the latter part of the sum- 
mer. The smallest straight-hingelarva, 
a single animal, recorded in the cul- 
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FIG. 36. Group photographs of different sizes of larvae of Mulinia lateralis. Smallest indi- 


viduals of the youngest group are approximately 60 u long, and the largest of the oldest, 
approximately 225 u. 
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FIG. 37. Photographs of larvae of Mulinia lateralis in different stages of development from 
early straight-hinge stage (A) to the stage of metamorphosis (М). Measurements are in microns; 
the first figure under a photograph indicates length, and the second, width of the larva. 
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FIG. 38. Length-width relations of larvae of Mulinia lateralis during the entire free-swimming 
veliger stage. Measurements in microns. The figures at dots indicate the numbers of larvae 


of each dimension. 


tures grown at our laboratory was only 
55 и long by 44 y wide. Normal young 
straight-hinge larvae measure about 60 
x 50 u (Figs. 36, 37, 38). As is com- 
mon among lamellibranch larvae, the 
widths of individuals of the same length 
vary considerably. For example, the 
widths of larvae 60 p long may vary 
from 45-55 u. 


The early stages of Мийта lateralis 
larvae, although somewhat smaller, 
closely resemble those of Crassostrea 
virginica. After the larvae reach the 
length of about 105 y, however, their 
general appearance becomes distinctly 
different from oyster larvae; their um- 
bones are much less pronounced than 
in the larvae of C. virginica of the 
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same size. 

Most larvae undergo metamorphosis 
at lengths from 210-230 и. Variation 
is considerable, however, because some 
individuals as small as 190 y appeared 
entirely metamorphosed, whereas others 
as large as 235 u were still swimming. 
Measurements of the prodissoconch por - 
tion of the shell of spat measuring 250- 
350 » in length showed that the pro- 
dissoconchs ranged from 215-222 u. 
These figures agree closely with the 
measurements of the average sizes of 
larvae approaching metamorphosis in 
our cultures. Width is usually about 
10 u less than the length throughout 
most of the developmental period but it 
may be 20-25 » smaller in larvae more 
than 200 y long. No evidence of “eye” spot 
or other distinctive marks was found in 
larvae as they approached setting. 

Sullivan (1948) is the only author who 
offered descriptions and a series of 
photomicrographs of the larvae of Muli- 
nia lateralis. The size range of her 
larvae, however, differed significantly 
from ours. Her minimum size, 85x75 u, 
is about 25 „ larger than the young 
straight-hinge larvae recorded in our 
cultures. Her maximum size, 270 x 
245 y, exceeded the size of our largest 
larvae by about 35 и. Sullivan stated 
further that the straight-hinge larvae 
were pale yellow and that their color be- 
came more intense, changing to a bright 
yellow as the larvae grew. We found that 
the young larvae are usually silvery and 
transparent, not yellow, and that even the 
old larvae do not become bright yellow. 


13. Tapes semidecussata Reeve 


This clam, accidentally introducedin- 
to the State of Washington with seed of 
Crassostrea gigas imported from Japan, 
is now common along our Pacific coast 
from Canada to California. In Japan it 
is one of the most important commer- 
cial species of clams (Cahn, 1951). In 
this country it is called the Japanese 
little neck, or Manila clam. It appears 
in literature under many names, in- 
cluding Tapes japonica, Venerupis semi- 
decussata, V. philippinarum and Paphia 
philippinarum. Some authors, such as 


Quayle (1952), have preferred to use the 
generic name Venerupis instead of Pa- 
phia or Tapes. Abbott (1954), whom we 
follow, used Tapes. 

Although some smaller individuals 
were seen occasionally in our cultures, 
fully formed, straight-hinge larvae were 
usually about 95 x 70 y (Figs. 39, 40, 41). 
Throughout the larval development, 
widths of the larvae were about 15-25 u 
less than the lengths. The umbo began 
to form at a length of about 120 y and 
became prominent when the larvae were 
about 140 y long (Fig. 40). In older lar- 
vae the umbones were somewhat more 
pronounced than in Mercenaria merce- 
naria but, in general, the larvae of Tapes 
semidecussata and Mercenaria merce- 
naria closely resemble each other, es- 
pecially inthe early straight-hinge stage. 

The smallest larvae undergoing meta- 
morphosis were about 175 y long, but 
most of them metamorphosed at 200- 
220 u. Occasionally, individuals as 
large as 235 и were swimming and dis- 
played a prominent, functional velum. 

Yoshida (1953) gave the dimensions of 
fully grown veligers of Venerupis 
(=Tapes) semidecussata as 200 x 190 u. 
These measurements agree with our ob- 
servations on the dimensions of larvae 
at which metamorphosis may occur. 
Later, Yoshida (1960, 1964), working with 
Tapes variegata, which is probably the 
same form as T. semidecussata, re- 
ported that fully grown veligers meas- 
ured from about 200 x 180 u to 215 x 200 
и. Quayle (1952) gave the size ofa mature 
larva of Venerupis (=Tapes) pullastraas 
260 x 240 „u, about 25 u longer than the 
largest swimming larvae we observed 
in our cultures. Rees (1950), who placed 
this species in the genus Paphia, gave the 
size of the mature prodissoconch as 240 
и, which is not much greater than our 
free-swimming larvae (Fig. 41). 


14. Pitar (=Callocardia) morrhuana 
Gould 


This species is found on our Atlantic 
coast from Prince Edward Island to Cape 
Hatteras. Its general appearance re- 
sembles that of Mercenaria mercenaria 
but it is considerably smaller and has a 


BIVALVE LARVAE 405 





FIG. 39. Group photographs of different sizes of larvae of Tapes semidecussata. Smallest indi- 
viduals of the youngest group are approximately 93 u long, and the largest of the oldest, approxi- 
mately 215 u. 
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FIG. 40. Photographs of larvae of Tapes semidecussata in different stages of development from 
early straight-hinge stage (A)to the stage of metamorphosis (L). Measurements are in microns; 
the first figure under a photograph indicates length, and the second, width of the larva. 
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FIG. 41. Length-width relations of larvae of Tapes semidecussata during the entire free- 
swimming veliger stage. Measurements in microns. The figures at dots indicate the numbers 


of larvae of each dimension. 


lighter shell. References in the litera- 
ture to the larval stages of this form 
are few. Sullivan (1948) offered a des- 
cription and photomicrographs of what 
she assumed were larvae ofthis bivalve, 
and Costello et al. (1957) discussed the 
methods of obtaining fertilized eggs and 
gave a brief description of its early 
stages of development. 

The smallest larvae of Pitar morr- 
huana measure about 70 x55 u, although 
some of them may not be fully formed. 
Most young straight-hinge larvae mea- 
sure about 80 x 65 u (Figs. 42, 43, 44). 
Upon reaching 125y, many larvae display 
a small umbo which becomes somewhat 
more prominent as they grow. Setting 
may begin at 160 и andis common among 


larvae measuring about 180 y. The lar- 
gest free-swimming larvae were 192 x 
179 u. Even larvae approaching meta- 
morphosis do not have an “eye” spot. 

Sullivan (1948) reported that the 
smallest larvae of Pitar morrhuana were 
120 x 95 и, and the largest 220 x 210 u. 
Sullivan’s smallest larvae thus were 
about 40 u larger than ours, and her 
largest exceeded the maximum size of 
our larvae by approximately 25 y. Sul- 
livan, who based her identification on 
larvae in plankton samples, applied the 
“indirect method”. Later, in personal 
communication with us, she stated that 
she had confused the larvae of Pitar with 
those of another species (Loosanoff & 
Davis, 1950). 
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FIG. 42. Group photographs of different sizes of larvae of Pitar morrhuana. Smallest individ- 
uals of the youngest group are approximately 80 u long, and the largest of the oldest, approxi- 
mately 170 u. 
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FIG. 43. Photographs of larvae of Pitar morrhuana in different stages of development from 
early straight-hinge stage (A)to the stage of metamorphosis (K). Measurements arein microns; 
the first figure under a photograph indicates length, and the second, width of the larva. 
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FIG. 44. Length-width relations of larvae of Pitar morrhuana during the entire free-swimming 


veliger stage. Measurements in microns. 
of each dimension. 


Again, we call attention to the dif- 
ferences in widths of larvae of the same 
length (Fig. 44). For example, even 
during the early stages when the larvae 
are only 90 y long, their widths range 
from 70 to 85 u. In larger larvae 
measuring 170 „ long, the widths may 
vary from 145 to 170 y, a difference of 
25 u. These variations may be due, in 


The figures at dots indicate the numbers of larvae 


part, to the positions of the larvae onthe 
microscope slides but, nevertheless, the 
variations are real because even young, 
relatively flat larvae display them (Fig. 
44). 


15. Petricola pholadiformis Lamarck 


This little clam, often called the Rock 
borer, ranges along our Atlantic coast 
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FIG. 45. Group photographs of different sizes of larvae of Petricola pholadiformis. Smallest 
individuals of the youngest group are approximately 80 long, and the largest of the oldest, 
approximately 180 u. 
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FIG. 46. Photographs of larvae of Petricola pholadiformis in different stages of development 
from early straight-hinge stage (A) to the stage of metamorphosis (K). Measurements are in 
microns; the first figure under a photograph indicates length, and the second, width of the 
larva. 
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of larvae of each dimension. 


from Prince Edward Island south and is 
also found in the West Indies and some 
areas of the Gulf of Mexico. Because 
this species occurs over such a wide 
range, its larvae should be common in 
plankton but, strangely enough, Sullivan 
(1948) and Loosanoff & Davis (1963) 
are the only authors who offer descrip- 
tions. Sullivan said that the larvae of 
this species appear in plankton in early 
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Length-width relations of larvae of Petricola pholadiformis during the entire free- 
Measurements in microns. 


The figures at dots indicate the numbers 


summer and disappear from the waters 
of the St. Andrews, New Brunswick, 
area in early September. 

In our laboratory cultures the larvae 
of Petricola pholadiformis measured 
about 80 x 65 y at straight-hinge stage 
(Figs. 45, 46, 47). One or 2 smaller lar- 
vae, between 65 and 75 long, were seen. 
In general, our measurements of the 
straight-hinge larvae are considerably 
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smaller than Sullivan reported. Accord- 
ing to her, straight-hinge larvae of this 
species are relatively large, 115x1004. 

Many larvae begin to metamorphose at 
a length of about 185 и, but larvae as 
large as 193 x 174 u have been seen 
swimming in our cultures (Fig. 46). 
Sullivan’s measurements of setting lar- 
vae were about 175 x 160 y, whichdiffers 
little from the sizes of the smallest 
metamorphosing larvae in our cultures. 

Larvae of Petricola pholadiformis are, 
as a rule, more transparent than those 
of most other species that we cultured, 
with the exception of Anomia simplex 
and Aequipecten irradians. The early 
straight-hinge stages are especially 
transparent and they remain transparent 
until they metamorphose. According to 
Sullivan, straight-hinge larvae of this 
species are pale yellow, whereas older 
individuals are deep yellow. We do not 
share this opinion. 


16. Ensis directus (Conrad) 


Ensis directus, the common razor- 
Shell clam of our Atlantic coast, is 
found in large numbers from Labrador 
to the Florida Keys. Regardless of its 
common occurrence, the shelled larvae 
have been studied only by Sullivan (1948) 
and Costello etal. (1957), who des- 
cribed the early stages of development. 
Loosanoff & Davis (1963) described the 
method of cultivation of the species un- 
der laboratory conditions. 

At early straight-hinge stage the lar- 
vae of this clam measure about 92x78 u, 
although some are occasionally smaller 
(Figs. 48, 49, 50). They are much more 
transparent than the larvae of Mer- 
cenaria mercenaria. The length of the 
larvae increases more rapidly than the 
width and at the time of metamorphosis 
may exceed the width by 40 u. 

The larvae begin toform an umbo when 
about 115 y long; this umbo becomes 
well developed in veligers 130 y long 
and longer (Fig. 49). The umbones do 
not acquire the prominence shown in 
some other mollusks, for example, the 
genus Crassostrea. The umbo is suf- 


ficiently large, however, to prevent lar- 
vae from lying flat on the microscope 
slides. Considerable variation may oc- 
cur, therefore, in length-width ratios of 
larvae of the same size. 

The smallest metamorphosing larvae 
in our cultures were only about 210 u 
long but some larvae may reach a much 
larger size before they metamorphose. 
Several larvae of about 270 u were still 
swimming, whereas many already meta- 
morphosed larvae, witha well-developed 
foot, gills and syphons, measured only 
about 220 y. 

In most normal larvae of Ensis di- 
vectus 120 uy long or longer a clear 
area can be easily distinguished around 
the edge of the shell. This area is 
noticeable to a length of about 185 y, 
but it becomes less pronounced at still 
greater sizes. This character may be of 
diagnostic value. 

The “eye” spot was not often found 
even in larger larvae. When it did 
appear it was not well defined. Sulli- 
van (1948) did not refer to this struc- 
ture in her studies of the larvae of 
Ensis directus. Werner (1939), working 
with a related species, stated that its 
larvae did not have “eye” spots. Jor- 
gensen (1946) mentioned several refer- 
ences to other workers who studied the 
larvae of closely related forms but 
found nothing resembling the so-called 
“eye” spot. 

Sullivan (1948) reported that the size 
range of Ensis divectus larvae varies 
from 140 x 120 u to about 320 x 280 u. 
As can be seen from the measurements 
and photographs (Figs. 48, 49, 50), the 
sizes of early straight-hinge larvae in 
our cultures were much smaller than 
those presented by Sullivan, and our 
maximum sizes, similarly, were about 
50 и smaller than those observed by her. 

Jorgensen (1946) and Rees (1950) gave 
the dimensions of larvae of several 
members of the Solenacea of European 
waters. The measurements of larvae 
approaching metamorphosis were con- 
siderably larger thanours. For example, 
Jorgensen reported that the largest lar- 
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FIG. 48. Group photographs of different sizes of larvae of Ensis directus. Smallest normal 
individuals of the youngest group are approximately 90 y long, and the largest normal individuals 
of the oldest approximately 235 u. 
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FIG. 49. Photographs of larvae of Ensis directus in different stages of development from early 
straight-hinge stage (A) to the stage of metamorphosis (L). Measurements are in microns; the 
first figure under a photograph indicates length, and the second, width of the larva. 
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FIG. 50. Length-width relations of larvae of Ensis directus during the entire free-swimming 
The figures at dots indicate the numbers of larvae 


veliger stage. Measurements in microns. 
of each dimension. 


vae of Cultellus pellucidus were up to 
360 u long, and Rees stated that one 
larva of this species, about 400 y long, 
was recorded. The lengths of the lar- 
vae given by these 2 authors are larger 
by about 100 y than those in our cul- 
tures (Figs. 48, 49, 50). Another closely 
related species, Ensis siliqua, mentioned 
by Lebour (1938) may be about 350 u 
long, also much larger than the larvae 
of our species, E. directus. We may 
add also that the largest larva of E. 


directus shown in the photograph given 
by Sullivan in her article appears some- 
what different from our larvae, and 
that the 245 u long larva of E. ensis 
in Rees’ photograph has little resem- 
blance to the larvae of E. directus of 
the same size grown at our laboratory 
(Fig. 49). 


17. Mactra (=Spisula) solidissima 
Dillwyn 


This mollusk, commonly called the 
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FIG. 51. Group photographs of different sizes of larvae of Mactra solidissima. Smallest indi- 
viduals of the youngest group are approximately 724 long, and the largest of the oldest, 
approximately 218 p. 
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FIG. 52. Photographs of larvae of Mactra solidissima in different stages of development from 
early straight-hinge stage (A)to the stage of metamorphosis (L). Measurements are in microns; 
the first figure under a photograph indicates length, and the second, width of the larva. 
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Surf clam, is the largest bivalve of our 
Atlantic coast, sometimes measuring al- 
most 7-1/2 inches in length. Itis ex- 
tremely abundant in some sections of its 
range, which extends from Labrador to 
Cape Hatteras. 

The early normal straight-hinge lar- 
vae of this clam are approximately 80 x 
65 и (Figs. 51, 52, 53). Our cultures 
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Length-width relations of larvae of Mactra solidissima during the entire free-swim- 
Measurements in microns. The figures at dots indicate the numbers of 


sometimes contained smaller larvae, but 
they usually showed some anatomical 
abnormality. As with several other spe- 
cies, the larvae of Mactra solidissima 
display considerable differences and 
variations in the sizes at which certain 
organs begin to be discernible or at 
which they beginto metamorphose. Some 
larvae may have a well-formed foot when 
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they are only 160-165 u long although, 
as a rule, this organ appears when the 
larvae are near 215 „ long. When the 
length is about 240 „, most larvae dis- 
play a strong, functional foot. 

A few individuals are fully metamor- 
phosed when only about 220 y long. Nor- 
mally, however, a larva is between 230 
and 250 „ long before it settles. Oc- 
casionally larvae measuring slightly 
over 260 y long were still swimming in 
our cultures. 

In general, our studies onthe develop- 
ment and growth of larvae of Mactra 
solidissima closely agree with those of 
Imai et al. (1953b), who studied the de- 
velopment of a related species, M. 
sachalinensis. Both Imai’s group and 
ours worked with larvae of known par- 
ents grown under controlled laboratory 
conditions. Sullivan (1948) gave the size 
range for larvae of M. solidissima from 
95 x 80 y to 270 x 245 и. Thus, her 
smallest larvae were about 15 y longer 
than ours; the maximum size was simi- 
lar to ours. 

Jorgensen (1946), describing Spisula 
subtruncata, a European form closely 
related to our clam, reported that meta- 
morphsis in that species took place at the 
length of about 400 » or more. This size 
is considerably larger than we observed 
among the larvae in our cultures and 
is also larger than the measurements 
goven by Kändler (1926), who recorded 
the length of metamorphosing larvae of 
S. subtruncata as only 310 u. Rees’ 
(1950) measurements of larvae, which 
he considered as belonging to the family 
Mactracea, were also considerably lar- 
ger than ours. Rees gave the length of 
advanced stages of larvae, presumably 
those of Spisula solida, as 360 y and of 
S. elliptica as 355 u. These measure- 
ments exceed by almost 100 y the maxi- 
mum length of the larvae of Mactra 
solidissima reared in our experiments 
and the larvae of M. sachalinensis grown 
by Imai et al. (1953b). The photomicro- 
graphs of S. solida offered by Rees in 
his article bear little resemblance to 
our larvae of M. solidissima because of 


the strongly pronounced concentric lines 
of the shell of the European species. 
His picture is obviously of a juvenile, 
not a larva. Moreover, the general 
Shapes of older larvae of S. subtrun- 
cata offered in his photomicrographs 
do not closely resemble the outlines of 
the advanced stages of larvae of M. 
solidissima (Fig. 52). Moreover, the 
remarks by Rees in the discussion of the 
superfamily Mactracea indicate much 
uncertainty about the appearance and 
sizes of larvae of this group. Rees 
himself pointed out the wider disagree- 
ment about specific boundaries in this 
group than in any other. We agree on 
this point because of the differences in 
sizes of metamorphosing larvae studied 
by Imai et al. (1953b) and ourselves and 
of those described by Rees. 

Some of Rees’ statements are almost 
incompatible with our findings. For 
example, in his discussion of what he 
called “Mactrid E”, characterized by 
Mactra corallina, Rees (1950) stated 
that the mactrid tooth, which is, pre- 
sumably, characteristic of this entire 
group, is not formed even in larvae 
as large as 290 и but appears later. 
None of our larvae nor those of Imai, 
Kándler or Sullivan measured 290 y at 
the time of metamorphosis, a size that 
according to Rees was still characteris- 
tic of immature larvae without mactrid 
teeth. 


18. Mya arenaria Linnaeus 


This extremely common clam of our 
Atlantic coast ranges from the Canadian 
border to North Carolina. It has also 
been introduced with shipments of 
eastern oysters to the Pacific coast 
where it is now comparatively abundant. 

Again, as with other pelecypods, it is 
difficult to indicate the smallest normal 
size of straight-hinge larvae. In our 
cultures straight-hinge larvae measur- 
ing only about 86 y long were seen 
occasionally. Most fully formed lar- 
vae, however, were about 90 x 75 u 
(Figs. 54, 55, 56). Throughout the entire 
growth the length of the larval shell 
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FIG. 54. Group photographs of different sizes of larvae of Mya arenaria. Smallest individuals 
of the youngest group are nearly 93 y long, and the largest of the oldest group are approxi- 
mately 230 u; some of them are near, or in the process of metamorphosis. 
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FIG. 55. Photographs of larvae of Mya arenaria in different stages of development from early 
straight-hinge stage (A) tothe stage of metamorphosis (H). The last figure (I) is that of a 
recently metamorphosed individual. Measurements are in microns; the first figure under a 
photograph indicates length, and the second, width of the larva. 
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FIG. 56. Length-width relations of larvae of Mya arenaria during the entire free-swimming 


veliger stage. Measurements in microns. 
of each dimension. 


remains greater than its width. 

The larvae of Mya arenaria are light- 
colored, especially during early develop- 
ment (Fig. 54). When the larvae reach 
110 и their shells become somewhat 
darker. Larvae 175 » or longer have 
irregular opaque spots, measuring 5-15 u 
in diameter and located along the margin 
of the shells. Since these spots occur 
regularly, they may be characteristic of 
this species, especially of the late lar- 
val stages. Jorgensen (1946) also noticed 
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the pigmented areas of the soft parts of 
larvae of M. arenaria over 200 u long 
and believed that these spots may bea 
reliable character for identification. 
The size range within which meta- 
morphosis of the larvae of Mya arenaria 
occurred in our experimental cultures 
extended from about 170-2304; however, 
the majority of the larvae began to meta- 
morphose soon after they reached 200 и. 
Almost the same observations were made 
by Stickney (1964), who studied the lar- 
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уае of М. arenaria that came from widely 
separated areas of the Atlantic coast. 

The smallest larva with a well-de- 
veloped foot was about 165 u long. The 
velum normally began to disappear after 
the length of 175 y was reached, and, as 
a rule, the velum was already completely 
or almost completely resorbed in most 
individuals that measured over 200 y. In 
some cultures, individuals only 175 u long 
were crawling on the bottom of culture 
vessels and using their foot energeti- 
cally. The otocyst could be Seen in 
larvae approximately 175 y long, andthe 
byssus gland was easily discerned at 
approximately 200 u. 

Larvae assumed to be those of Mya 
атепата have been described by several 
investigators. Stafford (1912) reported 
that the largest such larva he measured 
was 414 x 345 u. These measurements 
are almost twice as large as those we 
made on metamorphosing individuals in 
our cultures. We suspect, therefore, that 
Stafford measured either the larva of a 
species other than M. arenaria or an 
individual that had metamorphosed some 
time earlier. Since, however, his mea- 
surements were consistently larger than 
ours for all species, itispossible that he 
erred in his measurements. Sullivan 
(1948) gave the size range of larvae of 
М. arenaria as extending from 105x 90 y 
to 250 x 230 u. Thesefigures, in general 
ral, are close to ours. Joörgensen 
(1946) reported that the size of meta- 
morphosing larvae of М. arenaria is 
extremely variable, ranging from about 
200-300 y. Even though the maximum 
size of larvae given by Jorgensen is 
much larger than ours, we agree with 
him that the difference in sizes of lar- 
vae of М. arenaria at setting is con- 
siderable. In studies of a closely re- 
lated species, Mya truncata, Jorgensen 
concluded that the maximum size of its 
larvae is about 320 y, considerably lar- 
ger than the maximum size of the lar- 
vae of M. arenaria grown under con- 
trolled conditions (Loosanoff & Davis, 
1963; Stickney, 1964). Yoshida (1938) 
found that the size at which larvae of 


Mya japonica metamorphosed varied 
from 240 x 220 u to 300 x 260 y. The 
maximum sizes of the metamorphosing 
larvae offered by Yoshida, therefore, are 
approximately 70 y larger than ours. 


19. Teredo navalis Linnaeus 


Teredo navalis, often called the com- 
mon shipworm, is found along both 
coasts of the United States and also in 
Europe and Asia. It is a larviparous 
bivalve, releasing its larvae when they 
are already veligers in the straight- 
hinge stage. 

In our laboratory the smallest larvae 
released measured 80 x 70 u, whereas 
the largest larvae recently discharged 
or found in the mantle chamber of the 
mother mollusk were 90 u long. This 
size is about 10 „ larger than was re- 
ported by Jörgensen (1946). In general, 
however, our observations on the size of 
recently released larvae of Teredo na- 
valis (Figs. 57, 58, 59) are in agree- 
ment with those of Imai et al. (1950a), 
Sullivan (1948) and Jorgensen (1946). 
We disagree, though, with the observa- 
tions of Lane et al. (1954), who stated 
that the larvae of T. navalis are about 
250 u long at the time they are re- 
leased from the gill chamber of the mo- 
ther. 

The shells of even recently released 
larvae are heavy and thick, and are 
characterized by a dark band around the 
edge (Figs. 57, 58). Sometimes another 
light band may be seen clearly inside of 
the darker outside band. This band 
remains distinguishable until metamor- 
phosis. As the larvae grow, the color 
of their shells gradually becomes darker. 

Several fully metamorphosed young 
Teredo measuring only 190 и in length 
were found on the bottom of our culture 
vessels. The largest swimming larvae 
in our cultures were only slightly longer 
than 200 y (Figs. 58, 59). These mea- 
surements are similar to those of 
Sullivan (1948) and Imai et al. (1950a), 
although their maximum measurements 
exceed ours by about 10 y. 

The larvae of Teredo do not develop 
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FIG. 57. Group photographs of different sizes of larvae of Teredo navalis. Smallest individuals 
of the youngest group are approximately 80 u long, and the largest of the oldest, approximately 
185 u. 
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FIG. 58. Photographs of larvae of Teredo navalis from the time they are released in swarming 
by the parents (A) until the time of metamorphosis (K). Measurements are in microns; the 
first figure under a photograph indicates length, and the second, width of a larva. 
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FIG. 59. Length-width relations of larvae of Teredo navalis during the entire free-swimming 
veliger stage. Measurements in microns. The figures at dots indicate the numbers of larvae 
of each dimension. 


the “eye” spot that is found in mature the recent article of Loosanoff & Davis 
larvae of some other species of bivalves. (1963). 

Details on the rearing of Teredo larvae Jorgensen (1946) offered information 
under laboratory conditions and informa- on the larvae of a closely related spe- 


tion about their behavior are given in cies of European waters, Teredo nor- 
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vegica. According to him the oldest 
veligers of this species may be approxi- 
mately 300 р long and are almost cir- 
cular; thus their shape differs from that 
of the larvae of T.navalis (Fig. 58). 
Furthermore, some veligers of T. nor- 
vegica possessed a black “eye” spot, a 
structure not found in T. navalis. The 
larvae of yet another species, T. mego- 
tara, described by Jérgensen, contained 
individual veligers up to about 330 u 
long. 


20. Laevicardium mortoni (Conrad) 


This small bivalve, which is very 
abundant from Martha’s Vineyard, Mass- 
achusetts, to New Jersey, U. S. A., is 
found from Nova Scotia to Brazil. It 
is known by several common names, 
including Morton’s cockle. As far as 
we could determine, no description of 
the larvae of this species is found in 
the literature. 

The smallest straight-hinge larva of 
this cockle in our laboratory cultures 
measured approximately 85 x 70u. Most 
larvae at this stage, however, were 
a few microns larger (Figs. 60, 61). 
Length of the larval shell increases 
more rapidly than its width, and at 
metamorphosis the length may exceed 
the width by more than 30 y. The 
margin of the straight-hinge larval shell 
is outlined by a dark band resembling 
the band in Teredo larvae, but not so 
prominent. At almost all stages, es- 
pecially near metamorphosis, one end 
of the larval shell is longer and some- 
what more pointed than the other (Fig. 
60). Soon after a length of about 135 u 
is reached the umbo begins to appear; it 
becomes prominent when the shell length 
is about 160 u. No “eye” spot was 
observed in the larvae, even in those 
reaching metamorphosis. 

Some larvae already displayed a well- 
developed foot when only about 205 u 
long. Several entirely metamorphosed 
individuals, with well-developed gills and 
Syphons, were only 220 u long. On the 
other hand, some larvae measuring 245 u 
in length and with an apparently normal 


velum were still swimming. The lar- 
gest swimming larva in our cultures 
was about 250 x 220 u. 

Sullivan (1948) stated for a related 
species, Cardium pinnulatum, that the 
size of larvae ranged from 90 x 80 y, 
at the earliest straight-hinge stage, to 
250 x 230 „ at metamorphosis. Her 
measurements of C. pinnulatum, there- 
fore, closely resembled ours of L. 
mortoni. Jorgensen (1946) found that 
the larvae of C. edule metamorphosed 
at the size of about 275 to 335 u, 2.e. 
when considerably larger than the lar- 
vae of L. mortoni or C. pinnulatum. He 
found the larvae of C. edule extremely 
variable in the size at which they reached 
metamorphosis, a condition that agrees 
closely with our own observations on 
L. mortoni and the larvae of the ma- 
jority of other species we reared. 

Jörgensen offered a number of ref- 
erences on the studies of larvae of 
Cardidae in European waters. In his 
discussion of the sizes of the larvae of 
different species he mentions that Car- 
dium echinatum reached about 480 y at 
metamorphosis. The prodissoconch of 
young bottom stages of another species, 
C. minimum, measured between 330 
and 400 » and averaged approximately 
365 a. In another form, С. fasciatum, 
the largest stages in the plankton were 
about 300 «long. Thus, all 3 of the above- 
mentioned species exceeded the maxi- 
mum sizes of the larvae of L. mortoni 
in our cultures and the larvae of C. 
pinnulatum described by Sullivan, by at 
least 50 y. 

In still another species mentioned by 
Jorgensen, Cardium exiguum, metamor- 
phosis appears possible at the length of 
only 250 y, a size closely similar to ours. 
Nothing is known, however, about the pos- 
sible variations in length of larvae of С. 
exiguum at the time of metamorphosis. 

Rees’ (1950) description of the larvae 
of Cardidae pointed out large differences 
among the larvae of the genus Cardium, 
although he maintained that they conform 
to a basic type. We cannot agree with 
the latter conclusion after examining the 
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FIG. 60. Photographs of larvae of Laevicardium mortoni in different stages of development 
from early straight-hinge stage (A) to the stage of metamorphosis (L). Measurements are in 
microns; the first figure under a photograph indicates length, and the second, width of the 
larva. 
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FIG. 61. Length-width relations of larvae of Laevicardium mortoni during the entire free- 
swimming veliger stage. Measurements in microns. The figures at dots indicate the numbers 


of larvae of each dimension. 


photomicrographs he published. Length- 
width measurements of this group also 
ran counter to his views. 

If the maximum sizes of the larvae 
of different species of the family Car- 
didae differ so much, the above observa- 
tions may be of considerable biological 
interest. No final conclusions regarding 
the matter can be formed, however, un- 
til the larvae of all the species of 
Cardidae discussed have been grown un- 


der identical laboratory conditions, 
where accurate observations can be made 
on their growth and minimum and maxi- 
mum sizes. We emphasize, neverthe- 
less, that during our long and varied 
studies we found that the minimum and 
maximum sizes of the larvae of closely 
related species of the same genus, for 
example, Crassostrea virginica and C. 
gigas, ог Ostrea edulis and O. lurida, 
closely resemble each other. 


432 LOOSANOFF, DAVIS AND CHANLEY 


ACKNOWLEDGMENTS 


We wish to thank the Board of Editors 
of American Scientist and Dr. F. S. 
Russell, editor of Advances in Marine 
Biology, for their consent to use again 
in the present article, illustrations of 
Mactra solidissima which have already 
appeared in the above publications (Loo- 
sanoff, 1954; Loosanoff & Davis, 1963). 
We are sincerely grateful to Messrs. 
Charles Nomejko and Manton Botsford 
who took most of the photographs and 
to Mrs. Susan Webb, who performed 
numerous tasks. Dr. Ralph Hile, Dr. 
M. R. Carriker, Dr. James E. Hanks 
and Miss Rita Riccio read the manu- 
script. We especially wish to acknow- 
ledge our appreciation to Messrs. John 
B. Glude of the U. S. Bureau of Com- 
mercial Fisheries, J. Richards Nelson 
of the Е. Mansfield & Sons Oyster Com- 
pany, New Haven, Connecticut, and David 
H. Wallace, former Director of the Oys- 
ter Institute of North America, who gave 
us moral support. 


LITERATURE CITED 


ABBOTT, R. TUCKER, 1954, American 
seashells. D. Van Nostrand Inc., New 
York, 541 p. 

ANSELL, A. D., 1961, Reproduction, 
growth and mortality of Venus stria- 
tula (Da Costa) in the Kames Bay, 
Millport. J. mar. biol. Ass. U. K., 
41: 191-215. 

1962, The functional morpho- 
logy of the larva, and the post-larval 
development of Venus striatula (Da 
Costa). Ibid., 42: 419-443. 

BELDING, D. L., 1912, A report upon the 
quahog and oyster fisheries of Mass- 
chusetts, Boston, 134 p. 

BORISJAK, A., 1909, Pelecypoda du 
plankton de la Mer Noire. Bull. Sci. 
Fr. Belg., 42: 149-181. 

BROOKS, W. K., 1880, The development 
of the American oyster. Stud. Biol. 

“Lab. Johns Hopkins Univ., IV: 1-104. 

CAHN, A. R., 1950, Oyster culture in 

Japan. Fish & Wildl. Serv., Wash., 


D. C., Fish Leafl., 383: 80 p. 

1951, Clam culture in Japan. 
Ibid., 399: 103 p. 

CARRIKER, M. R., 1951, Ecological 
observations on the distribution of 
oyster larvae in New Jersey estuaries. 
Ecol. Monogr., 21: 19-38. 

1961, Interrelation of func- 
tional morphology, behavior, and aute- 
cology in early stages of the bivalve 
Mercenaria mercenaria. J. Elisha 
Mitchell Scient. Soc., 77: 167-241. 

CHURCHILL, E. P., Jr., 1920, The oys- 
ter and the oyster industry of the At- 
lantic and Gulf coasts. Docum. U. В. 
Bur. Fish. No. 890; App. 8toRep.U. S. 
Comm. Fish. for 1919: 1-51. 

CLARKE, A. H. Jr., 1965, The scallop 
superspecies Aequipecten irradians 
(Lamarck). Malacologia, 2(2): 161- 
188. 

COLE, H. A., 1936, Experiments in the 
breeding of oysters (Ostrea edulis) in 
tanks, with special reference to the 
food of the larva and spat. Fish. 
Invest., Lond. Ser II, 15: 1-28. 

COSTELLO, D. P., DAVIDSON, M. E., 
EGGERS, A., FOX, M. H. & HENLEY, 
C., 1957, Methods for obtaining and 
handling marine eggs and embryos. 
Mar. Biol. Lab., Woods Hole, Mass.: 
1-247. 

DAVIS; Н. С., 1950, 
hybridization in Ostrea. 
111: 522. 

HOPKINS, A. E., 1937, Experimental 
observations on spawning, larval de- 
velopment and setting in the Olympia 
oyster, Ostrea lurida. Bull. U. S. 
Bur. Fish., 48: 439-503. 

HORI, J., 1933, On the development of 
the Olympia oyster, Ostrea lurida 
Carpenter, transplanted from United 
States to Japan. Bull. Jap. Soc. Sci. 
Fish., 1: 269-276. 

HORI, J. & KUSAKABE, D., 1926, Pre- 
liminary experiments on the artificial 
culture of oyster larvae. J.imp. Fish. 
Inst., 22: 47-52. 

IMAI, T., HATANAKA, M. & SATO, R., 
1950a, Breeding of marine timber- 
border, Teredo navalis L., in tanks 


On interspecific 
Science, 


BIVALVE LARVAE 433 


and its use for anti-boringtest. Toho- 
ku J. agric. Res., 1: 99-208. 

IMAI, T., HATANAKA, M., SATO, R., 
SAKAI, S. & YUKI, R., 1950b, Artifi- 
cial breeding of oysters in tanks. 
Ibid., 1: 69-86. 

IMAI, T., SAKAI, S. & OKADA, H., 
1953a, Transplantation of European 
flat oyster, O. edulis, into Japanese 
water and its breeding in tanks. Ibid., 
3: 311-320. 

IMAI, T., HATANAKA, M., SATO, R. 
€ SAKAI, S., 1953b, Tank breeding of 
the Japanese surf clam, Mactra sacha- 
linensis Schrenk. Sci. Rep. Res. Inst. 
Tohoku Univ., 4: 121-131. 

IMAI, T., SAKAI, S., OKADA, H. & 
YOSHIDA, T., 1954, Breeding of the 
Olympia oyster in tanks and culture 
experiments in Japanese waters. To- 
hoku J. agric. Res., 5: 13-25. 

JORGENSEN, С. B., 1946, Reproduction 
and larval development of Danish ma- 
rine bottom invertebrates. 9. La- 


mellibranchia. Medd. Komm. Havun- 
dersog., Kbh Ser. (d): Plankton, 4: 
277-311. 


KÄNDLER, R., 1926, Muschellarven aus 
dem Helgoländer Plankton. Be- 
stimmungihrer Artzugehörigkeit durch 


Aufzucht. Wiss. Meeresuntersuch., 
N. F., Abt. Helgoländ, 16: 1-8, Kiel & 
Leipzig. 


KORRINGA, P., 1941, Experiments and 
observations on swarming, pelagic life 
and setting in the European flat oys- 
ter, Ostrea edulis L. Arch. Neerl. 
Zool., 5: 1-249. 

LANE, С. E., TIERNEY, J. 0. € 
HENNACY, R. E., 1954, The respira- 
tion of normal larvae of Teredo barschi 
Clapp. Biol. Bull., 106: 323-327. 

LEBOUR, M. V., 1938, Notes on the 
breeding of some lamellibranchs from 
Plymouth and their larvae. J. mar. 
biol. Ass. U. K., 23: 119-145. 

LOOSANOFF, V. L., 1951, Culturing 
phytoplankton on a large scale. 
Ecology, 32: 748-750. 

1954, New advances in the 
study of bivalve larvae. Amer. Scient., 
42: 607-624. 


1955, The European oyster in 
American waters. Science, 121: 119- 
121. 

1959, The size and shape of 
metamorphosing larvae of Venus 
(Mercenaria) mercenaria grown at 
different temperatures. Biol. Bull., 
117: 308-318. 

1961, 
in Anomia simplex. 
2070-2071. 

1962, 


Partial metamorphosis 
Science, 133: 


Gametogenesis and 


spawning of the European oyster, O. 


edulis, in waters of Maine. Biol. Bull., 
122: 86-94. 

LOOSANOPE У lu. © DAVIS: Н.С, 
1947, Staining of oyster larvae as a 
method for studies of their movements 
and distribution. Science, 106: 597- 
598. 


1950, Conditioning V. mer- 


cenaria for spawning in winter and 


breeding its larvae in the laboratory. 
Biol. Bull., 98: 60-65. 

1963, Rearing of bivalve mol- 
lusks. Advances in Marine Biology, 
London & New York, 1: 1-136. 

LOOSANOFF, V. L., MILLER, W.S. & 
SMITH, P. B., 1951, Growth and 
setting of larvae of Venus mercenaria 
in relation to temperature. J. mar. 
Res., X: 59-81. 

MacBRIDE, E. W., 1914, Text-book of 
embryology. Invertebrata. Macmillan 
& Co., New York, 1: 1-692. 

MINER, R. W., 1950, Field book of 
seashore life. G. P. Putnam’s Sons, 
New York, 888 p. 

MIYAZAKI, I., 1935, On the develop- 
ment of some marine bivalves, with 
special reference to the shelled lar- 
vae. J. imp. Fish, Inst., 31.11): 
1-10, pls. 1-3. 

1936, Iden. (II). 164., 31(2): 
25-41, fig. 1, pls. 8-12. 

NELSON, J., 1909, Report of the biolo- 
gist. Rept. Biol. Dept. N. J. Agr. 
Coll. Exp. Sta. for 1908: 149-177. 

NELSON, T. C., 1921, Aids to suc- 
cessful oyster culture. I. Procurring 
the seed. /bid., 351: 1-59. 

1928, Pelagic dissoconchs of 


434 LOOSANOFF, DAVIS AND CHANLEY 


the common mussel, Mytilus edulis, 
with observations on the behavior of 
the larvae of allied genera. Biol. 
Bull., LV(3): 180-192. 

ORTON, J. H., 1937, Oyster biology 
and oyster culture. The Buckland 
Lectures for 1935, Edward Arnold & 
Co., London, 211 p. 

PRYTHERCH, H. F., 1924, Experiments 
in artificial propagation of oysters. 
Docum U.S. Bur “Elsh:; №. 961, 
App. II to Rep. U. 5. Comm. Fish.: 
1-14. 

QUAYLE, D. B., 1952, Structure and 
biology of the larva and spat of “Vene- 
vupis pullastra” (Montagu). Trans. 
roy. Soc. Edinb., 62: 255-297. 

REES, C. B., 1950, The identification 
and classification of lamellibranch 
larvae. Hull Bull. mar. Ecol., 3: 73- 
104. 

STAFFORD, J., 1912, Onthe recogni- 
tion of bivalve larvae in plankton col- 
lections. Contr. Canad. Biol. (1906- 
1910): 221-242. 

STICKNEY, A. P., 1964, Salinity, tem- 
perature, and food requirements of 
soft-shell clam larvae in laboratory 
cultures. Ecology, 5: 283-291. 

SULLIVAN, C. M., 1948, Bivalvelarvae 
of Melpeque Bay, P. E. I. [Prince 
Edward Island] Fish. Res. Bd. Can., 
77: 1-36. 

TANAKA, Y., 1954, Studies on the race 
of Gryphaea gigas (Thunberg). 1. Lo- 
cal variations of the size of prodisso- 
conch. Venus, J. Mal., 18(2): 118-122. 

THORSON, G., 1946, Reproduction and 
larval development of Danish marine 
bottom invertebrates, with specialre- 
ference to the planktonic larvae in the 


Sound (Фгезипа). Medd. Komm. Hav- 
undersog., Kbh Ser. (d): Plankton, 
4: 1-523. 

1950, Reproductive and larval 
ecology of marine bottom inverte- 
brates. Biol. Rev., 25: 1-45. 

TURNER, H. J. & GEORGE, C. J., 1955, 
Some aspects of the behavior of the 
quahaug, Venus mercenaria, during the 
early stages. 8th Rep. Invest. Shell- 
fish. Mass., Dept. Nat. Res., Div. 
Mar. Fish., Commonwealth Mass.: 
9-14. 

WALNE, P. R., 1956, Experimental 
rearing of larvae of Ostrea edulis L., 
in the laboratory. Fish. Invest., Lond. 
Ser. II, 20: 1-23. 

WELLS, W. F., 1927, Report of the ex- 
perimental shellfish station. Rep. 
N. Y. St. Conserv. Dept., 16: 1-22. 

WERNER, B., 1939, Uber die Entwick- 
lung und Artunterscheidung von Mu- 
schellarven des Nordseeplanktons unter 
besonderen Berücksichtigung der 
Schalenentwicklung. Zool. Jb. Abt. 
Anat. & Ontog. 66: 1-54. 

YONGE, C. M., 1960, Oysters. Collins, 
London, 209 p. 

YOSHIDA, H., 1938, Notes on the veli- 
gers and the young shells of Mya 
атепатза japonica. Venus, Jap. J. 
Mal., 8: 13-21. 

1953, Studies on larvae and 
young shells of industrial bivalves in 
Japan. J. Shimonoseki Coll. Fish., 
3: 1-106. 

1960, On the early life-his- 
tory of Tapes variegata Sowerby. 
Ibid., 10: 115-118. 

1964, Seedings of shellfish. 
Hokuryu-Kan Co., Ltd., Tokyo, 221 p. 


RESUMEN 


DIMENSIONES Y FORMAS LARVALES DE ALGUNOS BIVALVOS MARINOS 


Metodos de reciente desarrollo para la ciranza de larvas de Bivalvos bajo condi- 
ciones controladas, ha hecho posible el cultivo de las siguientes especies: Arca 
transversa, Mytilus edulis, Modiolus demissus, Anomia simplex, Aequipecten irradi- 
ans, Ostrea edulis, Ostrea lurida, Crassostrea virginica, Crassostrea gigas, Mer- 
сепата (=Venus) mercenaria, Mercenaria (=Venus) campechiensis, Mulinia later- 
alis, Tapes semidecussata, Риат (=Callocardia)morrhuana, Petricola pholadiformis, 
Ensis directus, Mactra(=Spisula)solidissima, Mya arenaria, Teredo navilis, Laevi- 
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cardium mortoni. Estas formas pasaron metamorfosis desde huevos о larvas de 
recien eclosión, de progenitores conocidos. Una serie de microfotografias y medidas 
de longitud-diámetro de las larvas, desde temprano estado hasta metamorfosis, se 
dan para cada especie. Agréganse descripciones de la forma general, prominencia 
de los umbones y otros caracteres morfológicos de las conchillas larvales durante 
el crecimento. Se discuten problemas y dificultades en la identificación, especial- 
mente de formas muy relacionadas entre sí, ofreciendo sugestiones para el mejora- 
miento de los métodos de identificación. 


ABCTPAKT 
РАЗМЕРЫ И ФОРМА ЛИЧИНОК НЕКОТОРЫХ МОРСКИХ ДВУСТВОРЧАТЫХ МОЛЛЮСКОВ 
Виктор Л. Лозанов, Гарри С. Дейвис и Павел Е. Чанлей 
Последние усовершенствования методов выращивания личинок двустворчатых 


моллюсков в условиях лабораторного контроля, дали возможность вырастить 


культуры следующих 20 видов: Атса transversa, Mytilus edulis, Modiolus demissus, Anomia 
simplex, Aequipecten irvadians, Ostrea edulis, Ostrea lurida, Crassostrea virginica, Crassostrea 





gigas, Mercenaria mercenaria, Mercenaria campechiensis, Mulinia lateralis, Tapes semidecussata, 
Pitar morrhuana, Petricola pholadiformis, Ensis directus, Spisula solidissima, Mya arenaria, 


Teredo navalis, Laevicardium mortoni. 
Эти виды были вырощены в стадиях после превращения личинки из яйца 


или же являлись личинками извесных родителей. Для каждого вида даны серии 
микрофотографических снимков и размеры длины и ширины его личинок. Допол- 
нительно к этим признакам, описаны общие формы, степень выпуклости верхушки 
и другие морфологические особенности личинковой раковины в процессе ее 
развития. Обсуждены проблемы и затруднения при определении видов, особен- 
но среди родственных Форм, и предложены методы для его улучшения. 
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abortivum exiguum, Pisidium, 118 
Acella, 226 
haldemani, 
Aclophora, 

Acmaea, 
digitalis, 
fragilis, 
marcusi, 
noronhensis, 
vubella, 291 
subrugosa, 269-295 
testudinalis, 275, 276 
virginea, 215, 276, 291, 292 

Acmaeidae, 291, 292 

Acris, 191 

Acrocheilus, 174 

Acroloxus, 274 
lacustris, 274 

aculeata, Anomia, 

adamsi, Blarina, 98 

adamsi, Mammut, 99 

Aechmophorus, 74 

aenigma, Deroceras, 13, 94, 97, 100, 

103, 121, 118, 119, 182: 183, 191, 
207, 209, 249, 263, 264 

Aequipecten, 351, 376-379, 414 
irvadians, 351, 376-379, 414 

Agriocharis, 98 
progenes, 98 

Alabina, 53-54, 122 
io, 53-54, 122 

alamosensis, Lymnaea, 

albeola, Bucephala, 98 

albiconica, Lymnaea, Т, 95, 123 

albilabris, Pupoides, 13, 94, 97, 100, 

103, 178, 179, 182, 183, 185, 
188, 190, 207, 210, 241, 245 
263 
297, 298, 302, 
309, 312, 314 


226 
301 
269-295 

275, 276 
287 

269-295 
269-295 


50, 123, 133 


albogranosa, Iniforis, 


albula, Vallonia, 246 
albus, Gyraulus, 232 
alveolata, Cautotriphora, 298, 302, 307- 
310, 315 
Ambloplites, 97 


vupestris, 97 


Ambystoma, 98, 186 
hibbardi, 98 
tigrinum, 186 


americana, Fulica, 98 

ammon, Planorbella, 54 

Amnicola, 30, 51, 73, 120, 132, 133 
bithynoides, 773, 120 
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dalli, 
hannai, 
yatesiana, 133 
Amphibolidae, 7,16 
ampla utahensis, Radix, 25 
Ampullaria, 107 
depressa, 107 
hopetonensis, 
innexa, 107 
Anas, 174 
platyrhynchos, 74 
anatina hildrethiana, Physa, 237, 240 
anatina, Physa, 93, 178, 180, 181, 184 
185, 186, 187, 188, 190, 206, 208, 
209, 212, 237 
anceps, Helisoma, 12, 35, 36, 97, 100, 
178, 179, 181, 184, 188, 190, 


24, 132 
120 


107 


208, 233 
Anchylorana, 98 
dubita, 98 


moorei, 98 
robustocondyla, 98 


Anculopsis, 82, 119, 129, 132 
bicarinata, 80, 119, 129 
houghterlingi, 80, 119 
utahensis, 80, 119, 132 

Anculosa, 129 

Anculotus, 34, 132 
nuttalii, 34, 132 

Ancyloidea, 227 


andersoni, Hydrobia, 
andersoni sterea, Hydrobia, 
angulata, Gonidea, 117 


11, 37,120 
120 


angulata subangulata, Anodonta, 117 
Anisus, 131, 188 
pattersoni, 188 
annectans, Gyraulus, 124 
Anodonta, 37, 40, 42-44, 50, 51, 73, 77, 


86, 87, 117, 181, 184, 188, 214, 
217 
angulata subangulata, 117 
californiensis, 87 
decurtata, 17 
grandis, 181, 184, 188, 214, 217 
kettlemanensis, 11, 77, 117 
subangulata, angulata, 117 
wahlametensis, 37, 40, 42-44 
anomalum, Campostoma, 191 
351, 369, 372-376, 397 
369 
369 
351, 369, 372-376 
369 


aculeata, 
lischket, 
simplex, 
squamula, 
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Anser, “4 
pressus, 14 
Antilocapridae, 99 
antiqua, Lithasia, 
Antrozous, 75 
aperta, Lymnaea, 115, 133 
Aphanotylus, 7,73, 78, 118 
whitei 13, 78, 118 
Aplexa, 86, 110, 133, 178-190, 208, 
226, 236, 240 
hypnorum, 86, 110, 178, 179, 181, 
183, 185, 188, 190, 208, 226, 
236, 240 
microstriata, 133 
Aplodinotus, 178 
grunniens, 178 
arboreus, Zonitoides, 13, 55, 97, 100, 
106, 182, 183, 188, 191, 207, 
248, 249, 250, 252 
Arca, 351, 357, 361-365 
transversa, 351, 357, 361-365 
Archaeogastropoda, 280 
Architectonicidae, 297, 319, 320 
Archoplites, 17, 74 
arcticus, Sorex, 182, 191, 209 
Arctotherium, 75 
arcuatum, Orygoceras, 


76, 122 


13, 18, 118, 
132 
arenaria, Mya, 351-357, 421-425 
arenarum, Camelops, 15 
Arion, 325-349 
ater, 325-349 
ater rufus, 338 
subfuscus, 338, 345 
sp., 346 
Arionidae, 325 
armifera, Gastrocopta, 13, 97, 100, 
178, 179, 182, 183, 188, 190, 
207, 240, 241, 248, 263, 264 


Armiger, 181, 183, 185, 190, 208, 227, 
230 
crista, 181, 183, 185, 190, 208, 227, 
230 
armigera, Planorbula, 177, 179, 213, 
233 
arnoldiana, Juga, 11, 119 
Asio, 74, 98 
Astacidae, 97 
ater, Arion, 325-349 
ater rufus, Arion, 338 
atopus, Carinifex, 23 
atromaculatus, Semotilus, 178, 182, 
191 


attenuatus, Ophisaurus, 98 
aurantia, Stenophysa, 11 
auritus, Phalacrocorax, 114 
australis, Epiforis, 315 
australis, Synaptomys, 
avara, Succinea, 91 
Baiomys, 99 

kolbi, 99 

rexroadi, 99 
Bakerilymnaea, 12, 46, 74, 94, 97, 100, 

103, 105, 122, 131, 133 
bulimoides techella, 12, 94, 97, 100, 
103, 105, 122 


192, 209 


cockerelli, 46, 74 
techella, bulimoides, 12, 94, 97, 100, 

103, 105, 122 
barbatus, 355 
barberi, Lymnaea, 133 
barberi, Oxyloma, 114, 133 

barberi, Physa, 114 
barbouri, Paenemarmota, 99 
Basommatophora, 177, 181, 186, 188, 

190, 225, 261, 263 

Bassariscus, 99 

casez, 99 

vexvoadensis, 99 
baumgartneri, Peromyscus, 99 
bayani, Triphora, 316 
beccarii, Streblus, 91 
Bellamyinae, 7 
benderensis, Ictalurus, 97 
Bensonomys, 99 

eliasi, 99 
berendsensis, Peromyscus, 
bicalcaratus, Platygonus, 99 
bicarinata, Anculopsis, 80, 119, 129 
Biforina, 301 : 
bilineata, Murchisonia, 76 
bilineata, Turritella, 75, 76, 120 
bilobatus, Cnemidophorus, 98 
binneyi, Helisoma, 17 
binneyi, Vorticifex, 31 


178, 191 


Biomphalaria, 9, 124, 261-267 
kansasensis, 9, 124, 261-267 
goodrichi, 264, 266 

birkhauseri, Hydrobia, 11, 120 

Bison, 182, 192 
latifrons, 182, 192 

bithynoides, Amnicola, 73, 120 


Bitttum, 92 

rodeoensis, 39 
blancoensis, Promenetus, 126 
blancoensis, Tanupolama, 212 
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blandi, Pupilla, 182, 183, 185, 186, 187, 
188, 191, 207, 210, 211, 246 
Blarina, 114, 98, 178, 182, 191, 209, 210 
adamsi, 98 
brevicauda, 178 
brevicauda brevicauda, 
brevicauda carolinensis, 


182 
191, 209, 
210 
gidleyi, 74 
Boletus, 248 
borealis, Gyraulus, 
Borophagus, 75 
diversidens, 99 
brachyodontus, Odocoileus, 99 
Brachyopsigale, 99 


232 


dubius, 99 
Brannerillus, 7,70, 123, 124, 131, 133 
involutus, 12, 123 


involutus praeposterus, 124 
involutus thremma, 124 
bhysispiva, 12, 123, 124 
praeposterus, involutus, 
thremma, involutus, 124 

brevicauda brevicauda, Blarina, 191, 

209, 210 

brevicauda carolinensis, Blarina, 191, 

209, 210 


breviforceps, Pacifastacus, 14 
breviramus, Buisnictis, 99 
Buccinoidea, 300 
Bucephala, 98 
albeola, 98 
Bufo, 98, 182, 191 
compactilis speciosus, 98 
vexvoadensis, 98 
speciosus, compactilis, 98 
suspectus, 98 
Buisnictis, 99 
breviramus, 99 
Bulimnea, 1, 39, 85, 86, 89, 123 
petaluma, 1, 39, 123 
bulimoides techella, Bakerilymnaea, 
12, 94, 97, 100, 103, 105, 122 
Bulimulidae, 7 
Bulimulus, 107, 109, 114, 115 
dealbatus, 107, 109, 114, 115 
bunkeri, Nettion, 174, 98 


124 


bursarius, Geomys, 182 
Buteo, 98 

Calibasis, 41, 132 
californicus, Castor, 50, 75 


californiensis, Anodonta, 87 

californiensis, Planorbella tenuis, 54 

Calipyrgula, 7, 11, 49, 120 
carinifera, 11, 120 
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ellipsostoma, 11, 120 
stewartiana, 11, 120 
calkinsi, Goniobasis taylori, 78 

calli, Valvata, 66, 118 
Callocardia, 351, 352, 404 
morrhuana, 351, 352, 404 
Camelops, 15, 182, 187 
arenarum, 15 
campbelli, Lithoglyphus, 
campbelli, Pliopholyx, 
campechiensis, Mercenaria, 


132 
73. 17. 119.132 
351, 397- 
400 
351, 397 

74, 86, 89-90 


campechiensis, Venus, 
campestris, Planorbula, 
Campostoma, 191 
anomalum, 191 
Candona, 181, 189, 190 
nyensis, 181 
veoensis, 190 
Canimartes, 15 
cookii, 75 
idahoensis, 75 
Canis, 75, 99, 178 
latrans, 15, 178 
lepophagus, 99 
caperata, Lymnaea, 12, 94, 97, 100, 
105 
caperata, Stagnicola, 177, 179, 181, 183, 
185, 186, 188, 190, 207, 225, 235, 
239, 240 
429 
429 


Cardium, 
echinatum, 
edule, 429 
exiguum, 429 
Jasciatum, 429 
pinnulatum, 429 

carinata, Jullienia (Fenouilia) 

carinata, Pyrgulopsis, 73, 121 

carinifera, Calipyrgula, 11, 120 

Carinifex, 23, 131, 133 
atopus, 23 
jacksonensis, 23 
malleata, newberryi, 23 
newberryi malleata, 23 
newberryi subrotunda, 23 
occidentalis, 23 
subrotunda, newberryi, 23 

caroli, Cepolis, 114, 127 

Carychium, 12, 97, 100, 122, 177-183, 

188-209, 225 
exiguum, 0112; 97, 100, 122). 477, 1779, 
180, 181, 183, 188, 190, 207, 209, 
225 


129 


perexiguum, 122 
caset, Bassariscus, 99 
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casertanum, Pisidium, 11, 42, 86, 87, 
94, 97, 100, 17, 1097181189, 
188, 190, 207, 222, 223 


Castor, 50, 75, 191 
californicus, 50, 75 
Castoroides, 178, 186 


ohioensis, 186 
catenaria effosa, Elimia, 110, 119 
catenaria, Goniobasis, 110 
Catostomus, 174, 178, 182, 189, 191 
commersoni, 178, 182, 189, 191 
cristatus, 14 
veddingi, 1714 
shoshoensis, 14 


Cautor, 298, 301, 307-312, 316, 318 
hungerfordi, 298, 307, 309, 310, 316 
Cautotriphora, 297, 298, 301, 302, 307, 

309, 312-318 
alveolata, 298, 302, 307, 309, 310, 
315 
hervieri, 298, 307, 316 
pavimenta, 298, 307, 316 


pyramidalis, 315 
cayennensis, Mesembrinibis, 98 
centervillensis, Menetus, 12, 42, 72 
centralis, Liomys, 99 
Centrarchidae, 97 

Cepolis, 114, 127 

caroli,, 114, 121 
Ceratomeryx, 75 

prenticei, 15 
Ceratophyllum, 225, 232 
Cerithiidae, 318, 319 
Cerithioidea, 297, 300, 317, 319 
Cerithiopsidae, 310, 317-319 
Cerithium, 39, 40 

rodeoense, 39, 40 

Cervidae, 75 

chapalensis, Planorbella tenuis, 114 
Chara, 91 

Chasmistes, 174 

chauliodonta, Gastrocopta, 126 
Chelydra, 98, 189 

serpentina, 98, 189 
chenoderma, Pacifastacus, 14 
chestermani, Platytaphius, 124 
chloropus, Gallinula, 14 
chrysopylica, Juga, 39, 119, 132 
Ciconia, 14 

maltha, 14 

Cincinnatia, 67 
cincinnatiensis, 67 


cincinnatiensis, Cincinnatia, 67 
Cinctriphora, 301 
cinereus, Lasiurus, 191 
cinereus, Sorex, 178, 182, 191, 209 
Cionella, 12, 97, 100, 181, 183, 190, 
214, 240 
lubrica, 12, 97, 100, 181, 183, 190, 
214, 240 
Cionellidae, 240 
Cionelloidea, 240 
circumstriatus, Gyraulus, 42, 177, 179, 
181, 183, 185, 188, 190, 208, 230 
Citellus, 15, 99 
howelli, 99 
vexvoadensis, 99 
Cladophora, 224 
clewistonense, Helisoma, 113 
clewistonensis, Planorbella, 112-114, 
125 
Cnemidophorus, 98 
bilobatus, 98 
sexlineatus, 98 
coalingensis, Gonidea, 11, 17, 19, 72, 
ИИ 
coalingensis cooperi, Gonidea, 117 
cochrani, Megatylopus, 99 
cochrani, Peromyscus, 182 
cockerelli, Bakerilymnaea, 
cockerelli, Stagnicola, 263 
Colinus, 98 
hibbardi, 98 
coloradoense, Fluminicola, 
Columbellidae, 300, 319 
columbi, Mammuthus, 178 
columbianus, Olor, 74 
commersoni, Catostomus, 


46, 74 


34, 132 


178, 182, 

189, 191 

compactilis speciosus, Bufo, 98 

complanata, Lasmagona, 186, 187, 217 

compressum, Pisidium, 32, 37, 39, 42, 
10, 73, 80, 86, 87, 117, 132.100. 
180, 181, 184, 188, 190, 208, 209, 
223 

compressum curvatum, Pisidium, 117 

compressum praecompressum, Pisidium, 
118, 132 

conanti, Planorbella, 107, 111, 115 

concors, Iniforis, 297, 298, 307-314 

condoni, Paraplanorbis, 126 

condoni, Vorticifex, 125 

condonianus, Mylopharodon, 114 

connata, Viriola, 298, 307, 316 
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conspersa, Mastonia, 298, 307, 315 
contracosta, Lymnaea, 39 
contracta, Gastrocopta, 182, 183, 188, 
190, 207, 209, 242 
Contraforis, 301, 314 
cookii, Canimartes, 15 
cooperi, Gonidea coalingensis, 117 
cooperi, Sphaerium, 117, 132 
copei, Salmo, 14 
corallina, Mactra, 421 
Corbicula, 71,39, 92 
gabbiana, 39 
cordillerana, Perrinilla, 45 
Coretus, 7, 68, 69, 126, 131 
plenus, 38-39, 126 
Coriophora, 301 
cornutum, Phrynosoma, 98 
corrugata, Parapholyx packardi, 125 
Cosmotriphora, 301 
Cosomys, 75 
primus, 75 


Cottus, 74 
divaricatus, 14 
Crassostrea, 351, 354-359, 369, 372, 


376, 383, 386-393, 397, 403, 
404, 414, 431 


gigas, 351, 354, 357-359, 372, 390- 
393, 404, 431 
virginica, 351, 354-359, 372, 376, 


383, 386-390, 403, 431 
crawfordi, Notiosorex, 235 
crenulatum, Orygoceras, 713, 78, 118 
crista, Armiger, 181, 183, 185, 190, 

208, 227, 230 
cristata, Gastrocopta, 12, 94, 97, 100, 

103, 178, 179, 182, 183, 185, 

186, 187, 188, 190, 206, 207, 

210, 212, 241, 263, 264 


cristatus, Catostomus, 14 
cronkhitei, Discus, 54, 86, 91, 182, 
183, 186, 188, 191, 207, 247 
crondhitei, Pyramidula, 54 
crybetes, Marstonia, 11, 14, 97, 100, 
120 
Cryptotis, 98, 191, 210 
meadensis, 98 
parva, 191, 210 
crysoleucus, Notemigonus, 178 
Cultellus, 417 
pellucidus, 417 
cuneata, Rangia, 59, 115 
curta, Paludestrina, 53, 120, 132 


117, 132 

97, 178, 182, 191 

86, 186, 187, 
188 


curvatum, Pisidium, 
cyanellus, Lepomis, 
cyclophorella, Vallonia, 


cynodon, Sphaerium, 
Cynomys, 191 
Cyprideis, 97 
littoralis, 97 
Cyprinidae, 97, 178, 182, 191 
cyrenoides, Rangia, 58 
Cytherea, 75, 76, 117 
parvula, 75, 76, 117 
dalli, Amnicola, 24, 132 
dalli, Fossaria, 12, 94, 97, 100, 103, 
123, 1773 A798 18352186, 
188, 190, 207, 227 
dallii, Payettia, 13,.77, 118 
Dasypterus, 235 
golliheri, 235 
dautzenbergi, Sinusigera, 301 
dealbatus, Bulimulus, 107, 109, 114, 
115 


39, 117 


decursa, Melania, 77, 120 
decurtata, Anodonta, 77 
deflectus, Gyraulus, 54, 181, 183, 185, 
228, 230, 231, 232 
deflectus obliquus, Gyraulus, 230, 232 
deflectus, Planorbis, 230 
Delavayidae, 7, 16, 128-130, 132 
Deltistes, 14 
demissus, Modiolus, 351, 355, 368-372 
demissus, Volsella, 368 
Dendraster (Merriamaster), 49 
densestriata, Valvata humeralis, 118 
depressa, Ampullaria, 107 
Deroceras, 13, 94, 97, 100, 103, 127, 
178-191, 207, 209, 248, 249, 263 
264 
aenigma, 13, 94, 97, 100, 103, 127, 
178, 179, 182, 183, 191, 207, 209, 
249, 263, 264 
laeve, 178, 248, 249 
Desmana, ‘174 
moschata, 14 
Diastichus, 14 
macrodon, ‘74 
parvidens, 74 
digitalis, Acmaea, 275, 276 
diminuta, Lymnaea, 122 
dineana, Pseudosuccinea, 
Diodora, 269 
Dionda, 191 
nubila, 191 


95, 123 
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Dipoides, 99 
vexvoadensis, 99 
directus, Ensis, 351-353, 414-417 


Discus, 54, 86, 91, 182-191, 207, 247 
cronkhitei, 54, 86, 91, 182, 183, 186, 
188, 191, 207, 247 
disstoni, Planorbella, 107, 111-113, 
115 
Distophora, 301, 316 
divaricatus, Cottus, 14 
diversidens, Borophagus, 99 
diversus, Scaphiopus, 98 
Docoglossa, 292 
dorrisensis, Hannibalina, 
dubita, Anchylorana, 98 
dubius, Brachyopsigale, 99 
dulcis, Melania, 130, 132 
duquesnei, Moxostoma, 191 
durhami, Vorticifex, 42, 125 
duryi, Planorbella, 111 
duryi preglabrata, Planorbella, 
duryi seminole, Planorbella, 
echinatum, Cardium, 429 
edule, Cardium, 429 
edulis, Mytilus, 351, 355, 356, 365-369 
edulis, Ostrea, 351, 357, 359, 376, 379- 


126 


114 
113, 115 


383, 431 
effosa, Elimia catenaria, 110, 119 
effosa, Goniobasis, 110 
effosa, Goniobasis catenaria, 110 


effusus, Vorticifex, 12 

elatior, Vertigo, 182, 183, 188, 189, 
214, 243, 244, 245 

electrina, Nesovitrea, 13, 97, 100, 182, 
183, 191, 207, 249 

eliasi, Bensonomys, 99 


Elimia, 110, 119 
catenaria effosa, 110, 119 
effosa, catenaria, 110, 119 


ellipsostoma, Calipyrgula, 
elliptica minor, Physa, 

elliptica, Spisula, 421 
Ellobiidae, 225 
Elloboiodea, 225 
Elodea, 225, 232 
elodes, Lymnaea, 
emydoidea, 186 
twentez, 186 

enaulus, Gyraulus, 
Endodontidae, 247 
Endodontoidea, 247 


11, 120 
237, 239 


86, 89, 92, 94 
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Ensis, 
directus, 
siliqua, 417 

Epetrium, 301 

ephippium, Rana, 98 

Epiforis, 301, 310-318 
australis, 315 

Epitoniacea, 319 

Epitonioidea, 297, 320 

Equus, 38-39, 46, 47, 52, 182, 187 
niobrarensis, 182 
occidentalis, 46, 52 
ео, 187 

erythrorynchus, Pelicanus, 178 

Euconulus, 178-183, 191, 207, 249 
fulvus, 178, 179, 182, 183, 191, 207, 

249 


351-353, 414-417 
351-353, 414-417 


Eudocimus, 98 
Euglandina, 109, 115 
vosea, 109, 115 
Eumeces, 98 
striatulatus, 98 

Euthymia, 300 

Euthymella, 300, 301, 311 

Eutriphora, 301 

euzona, Nematurella, 39, 120 

exacuous exacuous, Promenetus, 
208, 209, 233, 234, 235 

exacuous kansasensis, Promenetus, 12, 
14, 74, 80, 94, 97, 100, 105, 126, 
178, 180, 181, 184, 185, 186, 188, 
233, 234, 235 

exiguum, Cardium, 429 

exiguum, Carychium, 12, 97, 100, 122, 
177, 179, 180, 181, 183, 188, 190, 
207, 209, 225 

exiguum, Pisidium, 

exilis, Lymnaea, 

exilis, Stagnicola, 


190, 


117-118 
12, 97, 100, 123 
177, 179, 181,490: 
207, 226, 227 
fascinatum, Cardium, 429 


fayeae, Rana, 98 


Felis, 15, 99 
lacustris, 75, 99 
rexroadensis, 99 
Fenouilia, 128 
Ferrissia, 21, 86, 89, 97, 100, 106, 181- 
190, 208, 211, 236 
fragilis, 181-190, 208, 211, 236 
meekiana, 12, 97, 100, 236 
parallela, 12, 97, 100 
rivularis, 12, 97, 100 


INDEX, VOL. IV 443 


filocosta, Lymnaea, 39, 123 
fisheri, Pliogyps, 98 
Fissurella, 269 
flagellata innexa, Pomacea, 107, 109, 
115 
flavescens, Perca, 178, 182, 198, 191, 
204 
flondana, Neotoma, 192 
floridana, Strobilops texasiana, 115 
Fluminicola, 24, 33, 34, 69, 121, 131, 
132 
coloradoense, 34, 132 
fusca 33, 34, 132 
modoci, 24, 132 
percarinata, 132 
perditicollis, 132 
pilula, 132 
puteana, 132 
siegfusi, 132 
spiralis, 132 
utahensis, yatesiana, 69, 121, 132 
yatesiana utahensis, 69, 121, 132 
Fontelicella, 11, 55, 67, 73 
idahoensis, 3 
longinqua, 11 
fontinalis minor, Physa, 239 
Fossaria, 12, 33, 86, 94, 97, 100, 103, 
123, 177-190, 207, 227 
аи, ‘12,94, 97, 100, 103,123, 177, 
179, 181, 183, 186, 188, 190, 
207, 227 
obrussa, 12, 86, 97, 100, 177, 179, 
181, 183, 188, 190, 207, 227 
fossilis, Lasiurus, 98 
fossilis, Oryzomys, 192, 209 
Joxi, Martes, 99 
fragilis, Acmaea, 287 


fragilis, Ferrissia, 181, 183, 185, 188, 
190, 208, 211, 236 
franzenae, Gastrocopta, 10, 13, 97, 100, 


126 
Fulica, 98 
americana, 98 

fulvus, Euconulus, 178, 179, 182, 183, 

191, 207, 249 
Fundulus, 97, 178 
fusca, Fluminicola, 33, 34, 132 
fuscus, Laevapex, 181, 184, 185, 188, 

190, 208, 211, 228, 236, 237 

gabbiana, Corbicula, 39 
gallina, Venus, 397 


Gallinula, 74 
chloropus, 14 
Gastrocopta, 10, 12, 13, 94, 97, 100, 
103, 106, 126, 127, 178-190, 206, 
207, 240-242, 248, 263, 264, 269, 
298 
armifera, 13, 97, 100, 178-190, 207, 240, 
241, 248, 263, 264 
chauliodonta, 126 
contracta, 182, 183, 188, 190, 207, 209, 
242 
cristata, 12, 94, 97, 100, 103, 178-190, 
206, 207, 210, 212, 241, 263, 
264 
franzenae, 10, 13, 97, 100, 126 
holzingeri, 13,97, 100, 178-190, 207, 242, 
263, 264 
hordeacella, pellucida, 13, 97, 100, 190, 
206, 207, 210, 212, 242 
paracristata, 13, 97, 100, 126 
pellucida hordeacella, 13, 97, 100, 190, 
206, 207, 210, 212, 242 
pentodon, 115 
procera, 106, 178-190, 206, 207, 241, 
263, 264 
rexroadensis, 13, 97, 100, 127 
vupicola, 115 
scaevoscala, 13, 127 
tappiana, 13, 94, 97, 100, 103, 178-190, 
207, 209, 227, 241, 248, 263 
Gastropoda, 263, 269, 298 
gazini, Mustela, 75 
gemmata, Triphora, 316 
Geochelone, 98 
vexvoadensis, 98 
riggsi, 98 
Geomys, 99, 178, 182, 186, 191 
bursarius, 182 
quinni, 99 
georgianus, Viviparus, 107, 109, 115 
gesteri, Vorticifex, 62, 63, 66, 67, 125 
gidleyi, Blarina, 14 
gidleyi, Neohipparion, 38 
gidleyi, Onychomys, 99 
gidleyi, Perognathus, 99 
gidleyi, Thomomys, 75 
gigantea, Lottia, 275, 276, 280 
gigas, Crassostrea, 351, 354, 357-359, 
372, 390-393, 404, 431 
gigas, Inella, 314, 316 
gigas, Triphora, 315 
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Gnathodon, 58, 59 
lecontei, 58, 59 


mendicus, 58 


golliheri, Dasypterus, 235 
goodrichi, Biomphalaria, 264, 266 
Gonidea: 11, 110, 19,72, 131121. 138 
angulata subangulata, 117 
coalıngensis,;, 11,14, 19,72, 11 
coalingensis cooperi, 117 
cooperi, coalingensis, 117 


malheurensis, 17, 19, 72, 73, 132 
subangulata, angulata, 117 

Goniobasis, 39, 78, 91, 92, 110, 132 
calkinsi, taylori, 18 


catenaria effosa, 110 
effosa, 110 
rodeoensis, 39, 132 


taylori calkinsi, 78 

gouldi, Vertigo, 86, 189, 243, 245 

gracilicosta, Vallonia, 13, 80, 97, 100, 
178, 179, 183, 185, 186, 188, 191, 
207, 246, 263, 264 

gracilis, Hybopsis, 182 

gracilis, Plegadis, 98 

grandis, Anodonta, 181, 184, 188, 214, 


217 
gvosvenori, Succinea, 91 
Gruidae, 74 
Gundlachia, 236 
Gyraulus, 12, 35, 39, 42, 54, 70, 74, 80, 


86, 89, 94, 97, 100-106, 115, 124, 
177-190, 208, 209, 228-232, 239 


albus, 232 

annectans, 124 

borealis, 232 

circumstriatus, 42, 177-190, 208, 
230 

deflectus, 54, 181-185, 228-232 

deflectus obliquus, 230, 232 

enaulus, 124 

hirsutus, 230, 232 

monocarinatus, 12, 80, 124 

multicarinatus, 72, 74, 124 

obliquus, 232 

parvus, 12, 35, 54, 70, 74, 80, 86, 89, 


94, 97, 100, 103, 105, 106, 115, 
124, 177-190, 208, 209, 232, 239 
pleiopleurus, 39, 124 
gyrina, Physa, (4, 178, 179, 181, 183, 
188, 190, 208, 237, 239 
hagermanensis, Mylopharodon, 14 
hagermanensis, Peromyscus, 15 
haldemani, Acella, 226 
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Halichondria, 298 
halieus, Pelecanus, 174 
hanensis, Terrapene, 191 
hankinsuni, Hybgnathus, 191 
hannai, Amnicola, 120 
Hannibalina, N, 29, 126, 133 
dorrisensis, 126 
Hawaiia, 178-191, 250, 263, 264 
minuscula, 13, 74, 84, 86, 91, 94, 97, 
100, 103, 106, 178, 179, 180, 182, 
183, 185, 186, 188, 191, 250, 263, 
264 
haydeni, Oxyloma, 247 
Helicodiscus, 13, 97, 100, 178-191, 206- 
213, 248, 263, 264 
parallelus, 13, 97, 100, 178, 179, 182, 
183, 191, 207, 209, 248 
singleyanus, 13, 97, 100, 186-191, 
206, 210-213, 263, 264 
Helisoma, NT, 12, 23, 27, 35, 36, 42, 44 
63, 66, 89, 97, 100, 113, 124, 125, 
131, 133, 177-190, 208, 233, 239, 
263, 264 
12, 35, 36, 97, 100, 172113, 
181, 184, 188, 190, 208, 233 
binneyi, 7 
clewistonense, 113 
kettlemanense, 12, 124 
marshalli, 12, 125 
minus, 23 
newberryi, 23, 27, 63, 66 
ponsonbyi, 23 
sanctaeclarae, 42, 44, 125 
trivolvis, 89, 177-190, 208, 233, 239, 
263 


anceps, 


Helminthoglypta, 53 
hervieri, Cautotriphora, 298, 307, 316 
hesperus, Machairodus, 75 
Heterodon, 98 

plionasicus, 98 
Heterogastropoda, 297, 320 
heterostropha, Physa, 54 
hibbardi, Ambystoma, 12, 74, 97-101, 

126 

hibbardi, Colinus, 98 
hibbardi, Olor, 14 
hibbardi, Vertigo, 12, 97, 100, 101, 126 
hindsii, Lithoglyphus, 33, 34, 36, 85-87, 
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hinkleyi, Lymnaea, 35, 36 
hirsutus, Gyraulus, 230, 232 
hirsutus, Planorbis, 230 
hispida, Siphonaria, 269 
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hispidus, Perognathus, 178 
holzingeri, Gastrocopta, 13, 97, 100, 
178, 179, 182, 183, 188, 190, 
207, 242, 263, 264 
hopetonensis, Ampullaria, 107 
horatiz, Valvata utahensis, 21, 132 
hordeacella, Gastrocopta pellucida, 
13, 97, 100 
houghterlingi, Anculopsis, 80, 119 
howelli, Citellus, 99 
hudsonius transitionalis, Zapus, 182, 
192, 210 
humeralis, Valvata, 11, 21, 37, 46, 70, 
72, 73, 80, 86, 87 
humeralis densestriata, Valvata, 118 
humilis, Lepomis, 191 
hungerfordi, Cautor, 298, 307, 309, 
310, 316 
Hybgnathus, 191 
hankinsoni, 191 
Hybopsis, 182 
gracilis, 182 
Hydrobia, 11, 37, 53, 120, 132 
andersoni, 11, 37, 120 
andersoni sterea, 120 
birkhauseri, 11, 120 
imitator, 53, 120, 132 
margaretana, 120 
sterea, andersoni, 120 
hypnorum, Aplexa, 86, 110, 178, 179, 
181, 183, 185, 188, 190, 208, 
226, 236, 240 
Hypolagus, 75, 99 
limnetus, 15 
vegalis, 99 
vetus, 75 
Hypotriphora, 301 
Ictalurus, 74, 97 
benderensis, 97 
Idabasis, 41, 132 
idahensis, Phalacrocorax, 14 


Idahoella, 7, 8, 71, 133 

idahoense, Orygoceras, 13, 78, 118 

idahoense, Sphaerium, 13, 76-77, 117, 
132 


idahoensis, Canimartes, 75 
idahoensis, Fontelicella, 73 
idahoensis, Lymnaea, 68, 132 
idahoensis, Pliophenacomys, 15 
idahoensis, Pliopholyx, 73, 119 
idahoensis, Prodipodomys, 75 
idahoensis, Pseudemys, 174 


idahoensis, Sigmopharyngodon, 74 

imitator, Hydrobia, 53, 120, 132 

incerta, Valvata, 80, 118 

incisa, Sinistroseila, 301 

incisa, Triphora, 301 

indentata, Retinella, 249 

Inella, 297, 300, 301, 311-318 
gigas, 314, 316 

infuscatus, Phimosus, 98 


Iniforinae, 297, 313-318 
Iniforis, 297-318 
albogranosa, 297, 298, 302, 309, 312, 
314 
concors, 297, 298, 307,-314 


malvaceus, 314 
innexa, Ampullaria, 107 
innexa, Pomacea flagellata, 107, 109, 

115 
Ino, 300 
tnornatus, Pupoides, 
insigne, Pisidium, 11 
intermedius, Sigmodon, 99 
intermontana, Radix, 68-70, 132 
intertexta, Planorbella trivolvis, 113 
involutus, Brannerillus, 12, 123 
involutus praeposterus, Brannerillus, 

124 
involutus thremma, Brannerillus, 124 
io, Alabina, 53, 54, 122 
irradians, Aequipecten, 


13, 97, 100, 188 


351, 376-379, 
414 

irradians, Pecten, 376 

Isotriphora, 301 

jacksonensis, Carinifex, 23 

jacksoni, Notiosorex, 98 

japonica, Mya, 425 

japonica, Tapes, 404 

Juga, 11, 30, 39, 41, 50, 119, 132 
aynoldiana, 11, 119 
chrysopylica, 39, 119, 132 
kettlemanensis, 50, 119 
kettlemanensis woodringi, 

Jullienia, 128-130 
carinata, 129 
kreitneri, 129 

junturae, Radix, 68 

kansasensis, Biomphalaria, 


11,419 


9, 124, 261, 
267 
kansasensis, Peromyscus, 99 
kansasensis, Pratilepus, 99 
kansasensis, Promenetus exacuous, 12, 
14, 74, 80, 94, 97, 100, 105, 126 
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kansasensis, Trigonictis, 99 
kerri, Lymnaea, 123, 133 
kettlemanense, Helisoma, 

kettlemanense, Sphaerium, 


12, 124 
11, 48, 72, 
733117 
kettlemanensis, Anodonta, 11, 77, 117 
kettlemanensis, Juga, 50, 119 
kettlemanensis, Lithoglyphus, 50, 122 
kettlemanensis woodringi, Juga, 11, 
119 
kingii, Lymnaea, 25, 27, 80, 83, 123 
Kinosternon, 114 
kirbyi, Lanx, 122 
kirklandi, Laevapex, 236, 237 
klamathensis, Lanx, 30 
kolbi, Baiomys, 99 
kreitneri, Jullienia, 129 
kurodai, Litharium, 307, 309, 316 
labyrinthiea, Strobilops, 178, 179, 182, 
183, 190, 207, 209, 228, 240, 249 
Lacunorbis, 7 
lacustre, Sphaerium, 86, 177, 180, 190, 
218, 220 
lacustris, Acroloxus, 274 
lacustris, Felis, 75, 99 
lacustris, Porzana, 14 
lacustris, Probythinella, 181, 184, 188, 
189, 225 
115, 181-190, 208-211, 228, 
236, 237 
fuscus, 181, 184, 185, 188, 190, 208, 
211, 228, 236, 237 
kirklandi, 236, 237 
laeve, Deroceras, 178, 248, 249 
Laevicardium, 351, 352, 360, 429-432 
mortoni, 351, 352, 360, 429-432 
Lanx, 30, 122 
kirbyi, 122 
klamathensis, 30 
moribundus, 122 
Lasiurus, 98, 191 
cinereus, 191 
fossilis, 98 
Lasmigona, 
complanata, 186, 187, 217 
lateralis, Mulina, 351, 400-404 


Laevapex, 


latifrons, Bison, 182, 192 
latrans, Canis, 75, 178 
laxus, Vorticifex, 125, 133 


leai, Stenotrema, 178, 179, 183, 188, 
191, 207, 210, 252 
lecontei, Gnathodon, 58, 59 
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lecontei, Rangia, 55-61, 118 
Lepetidae, 292 
Lepisosteus, 178, 189, 191 


platostomus, 191 
Lepomis, 97, 178, 182, 191 
cyanellus, 97, 178, 182, 191 
humilis, 191 
lepophagus, Canis, 99 
leptonyx, Megalonyx, 75 
leptostomus, Megalonyx, 99 
Leptoxis, 129 
Lepus, 182, 192, 210 
lepusculus, Notolagus, 99 
leucogaster, Onychomys, 182 
Ligumia, 11, 97, 100, 181, 220 
recta, 181, 220 
subrostrata, 11, 97, 100 
Limacidae, 249 
limatula, Lymnaea, 39, 123, 133 
limnetus, Hypolagus, 75 
limosa, Mastonia, 298, 301-304, 313 
Liniphora, 301, 314 
Liomys, 99 
centralis, 99 
Lioplax, 132 
utahensis, 132 


lischkei, Anomia, 369 
Litharium, 297, 300, 301, 307-312, 316, 
318 
kurodai, 307, 309, 316 
Lithasia, 76, 122 
antiqua, 76, 122 
Lithoglyphus, 24, 27, 30-36, 48, 73, 77, 


80, 85-87, 122, 131-132 
campbelli, 132 
hindsii, 33-34, 36, 85-87, 132 
kettlemanensis, 50, 122 
nuttallianus, 34 
occidentalis, 73, 77, 122 
sanmateoensis, 42, 122 
seminalis, 48 
superbus, 73, 122 
taliensis, 130 
turbiniformis, 24, 27, 132 
utahensis, 80, 122 
weaveri, 73, 122 
littoralis, Cyprideis, 97 
Littoridina, 130, 133 
woodringi, 130, 133 
longinqua, Fontelicella, 11 
Lottia, 275, 276, 280, 288, 290 
gigantea, 275, 276, 280 
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lubrica, Cionella, 
190, 214, 240 
lurida, Ostrea, 351, 357, 358, 359, 
383-386, 431 
lutea, Triphora, 316 
Lutra, 15, 99 
piscinaria, 715, 99 
Lymnaea, 7-12, 25, 27, 31-42, 50, 68- 
105, 115, 123, 133, 181, 184- 
189, 225, 226 
alamosensis, 50, 123, 133 
albiconica, NT, 95, 123 
aperta, 115, 133 
barberi, 133 
caperata, 12, 94, 97, 100, 105 
contracosta, 39 
diminuta, 122 
elodes, 86, 89, 92, 94 
exilis, 12, 97,.100,5123 
filocosta, 39, 123 
hinkleyi, 35, 36 
idahoensis, 68, 132 
kerri, .123, 133 
Ringit, 25, 21, 80, 83, 123 
limatula, 39, 123, 133 
macella, 123 
montanensis, 
occidentalis, 
palustris, 89 
parexilis, 123 
petaluma, 68 
veflexa, 12, 97, 100, 103, 105 
stagnalis jugularis, 181, 184, 185, 
188, 189, 225, 226 


84, 86, 88-89 
74, 80 


turritella, 123 
Lymnaeidae, 225 
Lymnaeoidea, 225 
macella, Lymnaea, 123 
macer, Phalacrocorax, 14 
Machairodus, 75, 99 
hesperus, 15 
Macroclemys, 98 
temminckii, 98 
macrodon, Diastichus, 14 
macroura, Zenaidura, 98 
Mactra, 351, 352, 417-421, 432 
corallina, 421 
sachalinensis, 421 
solidissima, 351, 352, 417-421, 432 


Magnosinister, 301 
malheurensis, Gonidea, 17, 19, 72, 73, 
132 


malheurensis, Payettia, 68, 133 


12, 97, 100, 181, 183, 
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malheurensis, Radix, 68, 133 
malleata, Carinifex newberryi, 23 
maltha, Ciconia, 174 

malvaceus, Iniforis, 314 
Mammalia, 263 


Mammut, 75, 99 
adamsi, 99 
Mammuthus, 178, 182, 186 


columbi, 178 
marcusi, Acmaea, 269-295 
masquimongy, Esox, 178, 191, 209 
margaretana, Hydrobia, 120 
Margaritana, 117 
subangulata, 117 
marshalli, Helisoma, 12, 125 
Marstonia, 11, 14, 97, 100, 120 
crybetes, 11, 14, 97, 100, 120 
Martes, 99 
foxi, 99 
Mastonia, 297-318 
conspersa, 298, 307, 315 
limosa, 298, 301-304, 313 
monilifera, 298, 306, 315 
rubra, 298, 300, 306, 309, 315 
undata, 298, 306, 315 
ustulata, 298, 306, 315 
Mastoniaeforis, 300, 301 
Mastoniinae, 297, 300, 313-318 
Mathilididae, 297, 319, 320 
meadensis, Cryptotis, 98 
meadensis, Rana, 98 
meeki, Sphaerium, 18, 117, 132 
meekiana, Ferrissia, 12, 97, 100, 236 
Megalonyx, 75, 99, 186 
leptonyx, 75 
leptostomus, 99 
Megatylopus, 99 
cochrani, 99 
megotara, Teredo, 429 
meigsii, Physa, 110, 133 
meigsii, Stenophysa, 107, 109-111, 115, 
133 
Ty hd, MOS T1591, 92,.119,.120, 
130, 132 


Melania, 
decursa, ‘TT, 120 
dulcis, 130, 132 
taylori, 73, 76, 77, 119, 120, 130, 132 
taylori calkinsi, 119 

melas, Ictalurus, 178, 182, 189, 191 

mendicus, Gnathodon, 58 

Menetus, 12, 42, 50, 70, 72, 74, 84-86, 

89, 126, 236 

centervillensis, 12, 42, 72 
vanvlecki, 12, 50, 126 
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Mephitis, 99 
rexroadensis, 99 
Mercenaria, 351, 354-358, 393-400, 
404, 414 
351, 397-400 
351, 354-358, 393-397, 
404, 414 
mercenaria, Mercenaria, 351, 354- 
358, 393-397, 404, 414 
mercenaria, Venus, 351, 354, 393 
Merriamaster, 49 
Mesembrinibis, 98 
cayennensis, 98 
Mesogastropoda, 117, 181, 186, 188, 
190, 224, 297, 300, 313, 318, 
319, 320 


campechiensis, 
mercenaria, 


Mesophora, 301 

Metalepsis, 300 

micra, Payettia, 

Micrarionta, 53 

Micromelaniidae, 7 

Micropterus, 191, 209 

salmoides, 191, 209 

microstriata, Aplexa, 133 

microstriata, Stenophysa, 110, 133 

Microtus, 178, 182, 186, 189, 192, 210 

pennsylvanieus, 178, 182, 186, 189, 
192, 210 

milium, Vertigo, 12, 94, 97, 100, 103, 
178, 179, 180, 182, 186, 188, 
191, 207, 209, 227, 243 

minimus, Vorticifex, 80, 125 

minor, Nerterogeomys, 99 

minor, Pliopotamys, 75 

minus, Helisoma, 23 

minuscula, Hawatia, 13, 74, 84, 86, 91, 
94, 97, 100, 103, 106, 178, 179, 
180, 182, 185, 186, 188, 191, 
250, 263, 264 

minutissimum, Punctum, 


80, 118 


248, 249 
modesta, Vertigo, 86 


Modiolus, 351, 355, 368-372 
barbatus, 355 
demissus, 351, 355, 368-372 


modiolus, 369 

plicatula, 368 
modiolus, Modiolus, 369 
modoci, Fluminicola, 24, 132 
monilifera, Mastonia, 298, 306, 315 
monocarinatus, Gyraulus, 172, 80, 124 
montanensis, Lymnaea, 84, 86, 88-89 


191, 207, 218, 


montanensis, Stagnicola, 89 


montrouzieri, Risbecia, 314, 315 
montrouzieri, Triphora, 297, 300, 312, 
314 


moorei, Anchylorana, 98 

moribundus, Lanx, 122 

morrhuana, Callocardia, 351, 352, 404 
morrhuana, Pitar, 351, 352, 404, 407- 
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mortoni, Laevicardium, 351, 352, 360, 
429-432 

moschata, Desmana, 114 
Moxostoma, 191 

duquesnei, 191 
Mulina, 59, 351, 400-404 

lateralis, 351, 400-404 

pallida, 59 
multicarinatus, Gyraulus, 72, 74, 124 


Murchisonia, “6 

bilineata, 16 

muscorum, Pupilla, 86, 89, 182, 183, 
185, 186, 187, 188, 189, 246 

Mustela, “5, 99, 192 

gazini, 75 

vexvoadensis, 99 

visor, 192 

Mya, 351-357, 421-425 

arenaria, 351-357, 421-425 

japonica, 425 

truncata, 425 

Mylocyprinus, 74 

robustus, 174 

Mylopharodon, 17, 74 

condonianus, 174 

hagermanensis, 174 

Myriophyllum, 185 


Mytilus, 269, 351, 355, 356, 365-369 
edulis, 351, 355, 356, 365-369 
Namrutua, 39, 41, 132 


Nanaphora, 301 

nanna, Paludestrina, 132 

Nannippus, 99, 197 
phlegon, 99 


nannus, Savaginius, 69, 80, 121, 130, 


132 
Natica, 98,96 
occidentalis, 75, 76 
Natrix, 98 


naverrei, Oxyloma, 247 
navilis, Teredo, 351, 352, 425-429 
Nebraskomys, 75, 99 

taylori, 75 
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Nekrolagus, 99 
progressus, 99 
Nematurella, 7, 39, 120 
euzona, 39, 120 
Neohipparion, 38 
gidleyi, 38 
Neotoma, 192 
floridana, 
Nerterogeomys, 99 
minor, 99 
Nesovitrea, 13, 97, 100, 182, 183, 191, 
207, 249 
13, 97, 100, 182, 183, 191, 
207, 249 


electrina, 


Nettion, 114, 98 
bunkeri, 114, 98 

newberryi, Helisoma, 23, 27, 63, 66 

newberryi malleata, Carinifex, 23 

newberryi subrotunda, Carinifex, 23 

nicaraguana, Stenophysa, 109, 111 

nigrocincta, Triphora, 297, 300, 312, 
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niobrarensis, Equus, 182 

nitidum, Pisidium, 177, 180, 181, 184, 
188, 190, 208, 209, 211, 223 

nitidus, Zonitoides, 191, 207, 209, 228, 

250, 251, 252 

269-295 
428, 429 


noronhensis, Acmaea, 
norvegica, Teredo, 
Notemigonus, 178 
crysoleucus, 178 
Notiosorex, 98, 235 
crawfordi, 235 
jacksoni, 98 
Notolagus, 99 
lepusculus, 99 
Notosinister, 297, 300, 301, 315-317 
simulans, 315 
nubila, Oionda, 191 
nuttalii, Anculotus, 34, 132 
nuttallianus, Lithoglyphus, 34 
nyensis, Candona, 181 
obliquus, Gyraulus, 232 
obrussa, Fossaria, 12, 86, 97, 100, 177, 
179, 181, 183, 188, 190, 207, 227 
obtusale, Pisidium, 86, 177, 179, 181, 
184, 190, 208, 211, 214, 223 
occidentale, Sphaerium, 181, 183, 185, 
190, 207, 208, 209, 211, 214, 220, 


226, 240 
occidentalis, Carinifex, 23 
occidentalis, Equus, 46, 52 
occidentalis, Lithoglyphus, 73, 77, 122 
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occidentalis, Lymnaea, 
occidentalis, Natica, 
oceanida, Triphora, 
Odocoileus, 99 

brachyodontus, 99 
Oedogonium, 224 
Ogivia, 301 
Ogmodontomys, 99 

poaphagus, 99 
ohioensis, Castoroides, 186 
oklahomaensis, Peromyscus, 
Olor, 74 

columbianus, 14 

hibbardi, 174 
Omalaxidae, 319 
Omalodiscus, 12, 14, 29, 74, 80, 86, 89, 

97, 100, 124, 131 
pattersoni, 12, 14, 29, 74, 80, 86, 89, 
97, 100, 124 


74, 80 
75, 76 
316 


182 


Ondatra, 
trivadicatus, 
zibethica, 
Onychomys, 
gidleyi, 99 
leucogaster, 182 
opercularis, Pecten, 316 
Ophisaurus, 98, 182, 191 


178, 182, 192 
178 

182, 192 

99, 182 


attenuatus, 98, 182, 191 
Ophiusaurus, 181 
Opimaphora, 301 
Opisthobranchia, 303 
Orbitophora, 301 


oregonensis, Ptychocheilus, 174 


oregonensis, Valvata, 118, 132 
Oreobasis, 41, 132 
Oreohelix, 84, 86, 91 
peripherica, 84, 86, 91 
subrudis, 91 
yavapai, 84, 86 
Orygoceras, 8, 71, 73, 76, 78, 118, 119, 
132 
arcuatum, 713, 78, 118, 132 
crenulatum, 173, 78, 118 
idahoense, 773, 78, 118 
tricarinatum, 119, 132 
tuba, 13, 78, 119 
Orygoceratidae, 7, 8, 16 
Oryzomys, 192, 209 
fossilis, 192, 209 
Ostrea, 269, 351, 357, 358, 359, 376, 
379-386, 431 
edulis, 351, 357, 359, 376, 379-383, 


431 
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lurida, 351, 357, 358, 359, 383-386, 
431 
virginica, 383 


297-300, 309- 
313, 317 


otsuensis, Triphora, 


Otus, 98 
ovata, Vertigo, 94, 178, 179, 180, 182, 
183, 186, 188, 191, 207, 209, 
242, 243 


Oxyloma, 105, 114, 115, 133, 178-191, 
207, 209, 214, 247 
barberi, 114, 133 
haydeni, 247 
naverrei, 247 
vetusa, 189, 247 
sanibelensis, 114, 115, 133 


Pacifastacus, 14 
breviforceps, 114 
chenoderma, 14 

packardi corrugata, Parapholyx, 

packardi, Parapholyx, 31 

packardi, Vorticifex, 125 

Paenemarmota, 99, 101 
barbouri, 99 

pallida, Mulinia, 59 

Paludestrina, 53, 120, 132 
curta, 53, 120, 132 
nanna, 132 
stokesi, 53 

paludosa, Pomacea, 107, 109, 115 

palustris, Lymnaea, 89 

palustris, Sorex, 182, 191 

palustris, Stagnicola, 225, 235 

Pantosteus, 14 


125 


Paphia, 404 

philippinarum, 404 

Papyrotheca, 1, 8 

paracristata, Gastrocopta, 13, 97, 100, 
126 

Paracryptotis, 98 

тех, 98 

Paradipoides, 178, 191 

stovalli, 178 


Parahodomys, 99 
quadriplicatus, 99 
parallela, Ferrissia, 12, 97, 100 
parallelus, Helicodiscus, 13, 97, 100, 
178, 179, 182, 183, 191, 207, 209, 
248, 263 


Paraplanorbis, 17, 32, 126, 133 
condoni, 126 
Parapholyx, 31, 125, 131 


corrugata, packardi, 125 


MALACOLOGIA 


packardi, 31 
packardi corrugata, 125 
parexilis, Lymnaea, 123 
partumeium, Sphaerium, 11, 97, 100, 
190, 208, 221 
parvidens, Diastichus, 14 
parvissima, Rana, 98 
parvula, Cytherea, 13, 75, 76, 117 
parvula, Vallonia, 13, 178, 179, 182, 
183, 185, 188, 191, 207, 247, 
263, 264 
parvus, Gyraulus, 12, 35, 54, 70, 74, 
80, 86, 89, 94, 97, 100, 103, 105, 
106, 115, 124, 177-190, 208, 209, 
232, 239 
280, 287, 288, 292 
280 


Patella, 
vulgata, 
Patellacea, 269, 274, 291, 292 
pattersoni, Anisus, 188 
pattersoni, Omalodiscus, 12, 14, 29, 
74, 80, 86, 89, 97, 100, 124 
pavimenta, Cautotriphora, 298, 307, 316 
Payettia, 68, 73, 77, 80, 118, 133 
ИЕ 1911711118 
malheurensis, 68, 133 
micra, 80, 118 
Payettiidae, 7, 16, 30, 127, 132 
pearcei, Platygonus, 75 
pearlettensis, Perognathus, 99 
Pecten, 376 
irvadians, 
opercularis, 
striatus, 376 
Pediastrum, 185 
Pedomys, 178, 192, 210 
ochrogaster, 178, 192, 210 
Pelecanus, 174 Е 
halieus, 14 
Pelicanus, 178 
erythrorynchus, 178 
pellucida hordeacella, Gastrocopta, 13, 
97, 100, 190, 206, 207, 210, 212, 
242 


376 
376 


pellucidus, Cultellus, 417 
pennsylvanicus, Microtus, 
186, 189, 192, 210 


178, 182, 


pentodon, Gastrocopta, 115 
Perca 

flavescens, 178, 182, 189, 191, 209 
percarinata, Fluminicola, 132 
percarinatus, Savaginius, 121, 132 
perditicollis, Fluminicola, 132 
perditicollis, Savaginius, 121, 132 
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perexiguum, Carychium, 122 
peripherica, Oreohelix, 84, 86, 91 
Perognathus, 175, 99, 178 
gidleyi, 99 

hispidus, 178 

pearlettensis, 99 
rvexvroadensis, 99 


Peromyscus, 75, 99, 178, 182, 191 
baumgartneri, 99 
berendsensis, 178, 191 


cochrani, 182 
hagermanensis, 15 
kansasensis, 99 
oklahomaensis, 182 
progressus, 191 
Perrinilla, 45 
cordillerana, 45 
perspectiva, Vallonia, 
perversa, Triphora, 


13, 97, 100 

297-301, 309, 
312, 316, 317 

petaluma, Bulimnea, ЧТ, 39, 123 
petaluma, Lymnaea, 68 
Petricola, 351, 352, 410-414 

pholadiformis, 351, 352, 410-414 
petrolia, Scalez, 17, 20 
Phalacrocorax, 14 

auritus, 114 

idahensis, 174 

macer, 174 
philippinarum, Paphia, 404 
philippinarum, Venerupis, 
Phimosus, 98 

infuscatus, 98 
phelgon, Nannippus, 99 
pholadiformis, Petricola, 


404 


351, 352, 

410-414 
Phrynosoma, 98 

cornutum, 98 
Physa, 12, 29, 31, 37, 39, 54, 55, 74, 

86, 89, 93, 94, 97, 100, 103, 105, 
106, 115, 126 
93, 178-190, 206-212, 237 

237, 240 


anatina, 
anatina hildrithiana, 
barberi, 114 
elliptica minor, 237, 239 
fontinalis minor, 239 

gyrina, 14, 178-190, 208, 237, 239 
heterostropha, 54 
hildrithiana, Physa anatina, 
meigsii, 110, 133 
minor, Physa elliptica, 
minor, Physa fontinalis, 


237, 240 


237, 239 
239 


12, 97, 100, 105, 178-190, 
208, 237, 238 

12, 54, 55, 93, 94, 97, 100, 

103 


skinneri, 
virgata, 


wattsi, 12, 126 
Physidae, 237 
physispira, Brannerillus, 
Pierosoma, 131, 133 
Pilsbryus, 132 
pilula, Fluminicola, 132 
pilula, Savaginius, 46, 121, 132 
Pimephales, 182 

promelas, 182 
pinnulatum, Cardium, 429 
piscinaria, Lutra, 75, 99 
pipiens, Rana, 191 
Pisidium, 11, 17, 18, 31-42, 46, 67, 70- 

73, 80, 86, 87, 94, 100, 117, 118, 
132, 177-224 
abortivum exiguum, 118 
casertanum, 11, 42, 86, 87, 94, 97, 
100, 177, 179, 181, 183, 188, 190, 
207, 222, 223 
casertanum voperi, 222 
compressum, 32, 37, 39, 42, 70, 73, 
80, 86, 87, 117, 132, 177, 180, 
181, 184, 188, 190, 208, 209 
compressum curvatum, 117 


12.123. 122 


compressum praecompressum, 118, 
132 

curvatum, 117, 132 

exiguum, 117, 118 

insigne, 11 

nitidum, 177, 180-184, 188, 190, 208, 


209, 211, 223 
nitidum pauperculum, 223 
obtusale, 86, 177-181, 184, 190, 208- 

214 
obtusale rotundatum, 223 
praecompressum, compressum, 118, 
132 
punctatum, 11, 17, 18, 72, 73, 80 
subtruncatum, 190, 208, 211, 214, 223 
supinum, 1.17, 11, 72,13, 118, .132 
ultramontanum, 26, 27, 31, 32 
variabile, 177, 180, 181, 184, 190, 
208-211, 218, 224 


walkeri, 188, 190, 208, 209, 211, 218, 
224 
woodringi, 73, 118 
Pitar, 351, 352, 404, 407-410 


morrhuana, 351, 352, 404, 407-410 
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Planorbarius, 132 

Planorbella, 
125, 131, 133 

ammon, 54 

californiensis, tenuis, 54 

chapalensis, tenuis, 114 

clewistonensis, 112-114, 125 

conanti 107, 111, 115 

disstoni, 107, 111-113, 115 

аку 12 

duryi preglabrata, 114 

duryi seminole, 113, 115 

intertexta, trivolvis, 113 

preglabrata, duryi, 114 

scalaris, 111 

seminole, duryi, 113, 115 

subcrenata, 29, 70 

tenuis californiensis, 54 

tenuis chapalensis, 114 

trivolvis, 106 

trivolvis intertexta, 113 

valens, 114 

wilsoni, 

Planorbidae, 227, 261 

Planorbifex, 7,49 

Planorbis, 35, 54, 126, 133, 230 

deflectus, 230 

hirsutus, 230 

scabiosus, 35, 54, 126, 133 

trivolvis, 54 

tumidus, 54 

vermicularis, 54 


Planorbula, 74, 86, 89, 90, 177, 179, 
213, 233 
armigera, 177, 179, 213, 233 
campestris, 114, 86, 89, 90 


planospivalis, Pompholopsis, 125 
platostomus, Lepisosteus, 191 
platyceps, Valvata virens, 11 
Platygonus, 75, 99 
bicalcaratus, 99 

pearcei, 75 

platyrhynchos, Anas, 174 
Platytaphius, 124 
chestermani, 124 

Plegadis, 98 

gracilis, 98 

pleiopleurus, Gyraulus, 39, 124 
plenus, Coretus, 38-39, 126 
Plesippus, 49-50, 52, 75, 99 
shoshonensis, 75 
simplicidens, 99 


29, 54, 70, 107, 111-115, 


107, 111113, 115, 125, 132 


plicatula, Modiolus, 368 
plicata, Triforis, 300 
Pliogyps, 98 
fisheri, 98 
Pliomastodon, 50 
vexillarius, 50 
plionasicus, Heterodon, 98 
Pliophenacomys, 75, 99 
idahoensis, 75 
primaevus, 99 
Pliopholygidae, 7, 16, 128, 132 
Pliopholyx,- 13, 77, 19,80, “Pion izes 
132 
campbelli, 
idahoensis, 73, 119 
reesidei, 80, 119, 128 
Pliopotamys, 15 
minor, 75 
poaphagus, Ogmodontomys, 99 
Podiceps, 174, 98 
Podilymbus, 14 
Polygyra, 13, 97, 100 715227 
vexvoadensis, 13, 97, 100, 127 
Polygyridae, 252 
Polygyroidea, 252 
polynematica, Pyrgulopsis, 
Polypurus, 248 
Pomacea, 107, 109, 115 
flagellata innexa, 107, 109, 115 
innexa, flagellata, 107, 109, 115 
paludosa, 107, 109, 115 
Pompholopsis, 125 
planospiralis, 125 
Pompholyx, 35 
ponsonbyi, Helisoma, 23 
Porzana, 74 
lacustris, 14 5 
praecompressum, Pisidium compressum, 
118, 132 
praeposterus, Brannerillus involutus, 
124 


73,77, 119; 132 


51, 121 


Руа ериз, 75, 99 

kansasensis, 99 

vagus, 75 

prenticei, Ceratomeryx, 75 

prenticei, Rallus, 98 

pressus, Anser, 14 

primaevus, Pliophenacomys, 99 

primus, Cosomys, 75 

princeps, Stenophysa, 111 

Prionodesmacea, 181, 186, 188, 190, 
217 
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Probythinella, 181, 184, 188, 189, 225 
lacustris, 181, 184, 188, 189, 225 
Procamelus, 75 

Procastoroides, 
sweeti, 99 
procera, Gastrocopta, 106, 178, 179, 
182, 183, 185, 186, 187, 188, 
190, 206, 207, 241, 263, 264 


75, 99 


Procyon, 99 
vexvoadensis, 99 
Prodipodomys, “5,99 


idahoensis, ‘5 
vexvoadensis, 99 
progenes, Agriocharis, 98 
progressus, Nekrolagus, 99 
progressus, Peromyscus, 191 
progressus, Urocyon, 99 
promelas, Pimephales, 182 
Promenetus, 12, 14, 35, 36, 74, 80, 86, 
89, 92, 94, 97, 100, 103, 105, 
126, 133, 178-190, 208, 209, 
233-239 
blancoensis, 126 
exacuous, 190, 208, 209, 233-235 
exacuous kansasensis, 12, 14, 74, 80, 
94, 97, 100, 105, 126 
kansasensis, 178-188 
kansasensis, exacuous, 12, 14, 74, 80, 
94, 97, 100, 105, 126 
umbilicatellus, 12, 35, 36, 74, 80, 86, 
89, 92, 94, 97, 100, 103, 126, 
133, 181-190, 208, 226, 235, 239 
Prosobranchia, 224, 269 
protea, Tryonia, 53-54, 133 
Pseudemys, 174 
idahoensis, 74 
Pseudosuccinea, ‘0, 95, 123, 133 
dineana, 10, 95, 123, 133 
venusta, 70, 133 
Psittacidae, 98 
Ptenoglossa, 297, 301, 320 
Ptychocheilus, 44, 74 
oregonensis, 174 
Pulmonata, 325 
pullastra, Tapes, 404 
pullastra, Venerupis, 
punctatum, Pisidium, 


357, 404 
18. 12. 
3, 80 
punctatus, Ictalurus, 178, 189, 191 
Punctum, 191, 207, 218, 248, 249 
minutissimum, 191, 207, 218, 248, 
249 
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86, 89, 182-191, 207-211, 246 
182-191, 207-211, 246 
86, 89, 182-189, 246 
186-188 
240 
240 
13, 94, 97, 100, 103, 263 
13, 94, 97, 100, 103, 263 
13, 97, 100 
132 
46, 51, 121, 132 
315 


Pupilla, 
blandi, 
MUSCOYUM, 
sinistra, 

Pupillidae, 

Pupilloidea, 

Pupoides, 
albilabris, 
inornatus, 

puteana, Fluminicola, 

puteanus, Savaginius, 
pyramidalis, Cautotriphora, 

Pyramidellidae, 319 

Pyramidula, 54 
cronkhitei, 54 

Pyrgulopsis, 11, 42, 51, 72, 73, 121, 133 
carinata, 73, 121 
polynematica, 51, 121 
tropidogyra, 42, 44, 121 
vincta, т, 12, 121 
williamsi, 133 

quadriplicatus, Parahodomys, 99 

Quadrula, 186, 187 
quadrula, 186, 187 

quadrula, Quadrula, 

Querquedula, 14 

quinni, Geomys, 99 

Radix, 71, 25, 68-70, 132, 133 
ampla utahensis, 25 
intermontana, 68-70, 132 
junturae, 68 
malheurensis, 68, 133 
utahensis, ampla, 25 
venusta, 133 

Rallus, 98 
prenticei, 98 

Rana, 98, 191 
ephippium, 98 
fayeae, 98 
meadensis, 98 
parvissima, 98 
pipiens, 191 
vexvoadensis, 98 
valida, 98 

Rangia, 55-61, 115, 118 
cuneata, 59, 115 
cyrenoides, 58 
lecontei, 55-61, 118 

vecta, Ligumia, 181, 220 

reddingi, Catostomus, 74 

reesidei, Pliopholyx, 80, 119, 128 

Reesidella, 128 


186, 187 


454 
Reithrodontomys, 263 
reflexa, Lymnaea, 12, 97, 100, 103, 105 
veflexa, Stagnicola, 177, 179, 181, 185, 
188, 190, 207, 227 
vegalis, Hypolagus, 99 
Reithrodontomys, 99, 191 
vexvoadensis, 99 
wetmorei, 99 
reoensis, Candona, 190 
Retinella, 13, 97, 100, 249 
indentata, 249 
rhoadsi, 13, 97, 100 
wheatleyi, 13, 97, 100 
retusa, Oxyloma, 189, 247 
тех, Paracryptotis, 98 
vexvoadensis, Bassariscus, 
vexvoadensis, Bufo, 98 


99 


rexroadensis, Citellus, 99 
vexvoadensis, Dipoides, 99 
rexroadensis, Felis, 99 


13, 97, 100, 
127 


rexroadensis, Gastrocopta, 
vexvoadensis, Geochelone, 98 
vexvoadensis, Mephitis, 99 
vexvoadensis, Mustela, 99 
vexvoadensis, Perognathus, 
rexroadensis, Polygyra, 


99 
13, 91, 100, 
127 
vexvoadensis, Procyon, 99 
rexvoadensis, Prodipodomys, 
vexvoadensis, Rana, 98 
vexvoadensis, Reithrodontomys, 
vexroadensis, Sorex, 98 
vexroadensis, Stegomastodon, 
vexvoadensis, Zapus sandersi, 
vexvoadi, Baiomys, 99 
rexroadi, Spilogale, 99 
rhoadsi, Retinella, 13, 97, 100 
rhomboideum, Sphaerium, 181, 184, 185, 
185, 190, 208, 218, 221 
richardsoni, Cittelus, 182 
riggsi, Geochelone, 98 
vinkeri, Zapus, 99 
Risbecia, 297, 314, 317, 318 
montrouzieri, 314, 315 
Rissoidea, 225 
vivularis, Ferrissia, 
Rivulina, 127 
robustocondyla, Anchylorana, 
vobustus, Mylocyprinus, 14 
robustus, Sceloporus, 98 
Rodentia, 263 


99 
99 


99 
99 


12, 97, 100 


98 
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rodeoense, Cerithium, 39-40 
rodeoensis, Bittium, 39 
rodeoensis, Goniobasis, 39, 132 
rosea, Euglandina, 109, 115 
rubella, Acmaea, 291 
rubra, Mastonia, 298, 300, 306, 309, 
315 
rufus, Arion ater, 338 
rupestris, Ambloplites, 97 
rupicola, Gastrocopta, 115 
Sagittavia, 185 
Salmo, 174 
copei, 74 
sachalinensis, Mactra, 421 
salmoides, Micropterus, 191, 209 
sanctaeclarae, Helisoma, 42, 44, 125 
sandersi rexroadensis, Zapus, 99 
sanibelensis, Oxyloma, 114-115, 133 
sanibelensis, Succinea, 133 
sanmateoensis, Lithoglyphus, 42, 122 
Savaginius, 7, 130, 132 
nannus, 69, 80, 121, 130, 132 
percarinatus, 121, 132 
perditicollis, 121, 132 
pilula, 46, 121, 132 


puteanus, 
siegfusi, 
spiralis, 
williamsi, 
yatesianus, 
scabiosus, Planorbis, 


46, 51, 121, 132 
121, 132 
11, 511228132 
48. 121 133 
11, 37, 42, 44, 48, 121, 133 
35, 126, 133 


scaevoscala, Gastrocopta, 13, 127 
scalaris, Planorbella, 111 
Scalez, ФТ, 20, 49 

petrolia, 17, 20 
Scaphiopus, 98 

diversus, 98 
Sceloporus, 98 

robustus, 98 
Scolopacidae, 98 


scotti, Equus, 187 
securis, Sphaerium, 177, 179, 213, 218, 
221 
semidecussata, Tapes, 351, 404-407 
semidecussata, Venerupis, 404 
seminalis, Lithoglyphus, 48 
seminole, Planorbella duryi, 
Seminolina, 111, 131, 133 
Semisulcospira, 130 
Semisulcospirinae, 7 
Semotilus, 178, 182, 191 
atromaculatus, 178, 182, 191 


113, 115 
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serpentina, Chelydra, 98, 189 
sexlineatus, Cnemidophorus, 98 
shoshonensis, Catostomus, 14 
shoshonensis, Plesippus, 75 
siegfusi, Fluminicola, 132 
siegfusi, Savaginius, 121, 132 
Sigmodon, 99 
intermedius, 99 
Sigmopharyngodon, 14 
idahoensis, 174 
siliqua, Ensis, 417 
simplex, Anomia, 351, 369, 372-376 
simplicidens, Plesippus, 99 
simplicidens, Symmetrodontomys, 99 
simulans, Notosinister, 315 
singleyanus, Helicodiscus, 13, 97, 100, 
186, 187, 188, 189, 191, 206, 
210, 212, 213, 248, 263, 264 
sinistra, Pupilla, 186, 187, 188 
Sinistroseila, 301 
22а. 301 
Sinusigera, 301 
dautzenbergi, 301 
Siphonaria, 269 
hispida, 269 
skinneri, Physa, 12, 97, 100, 105, 178, 
180, 181, 184, 188, 190, 208, 
237, 238 
solida, Spisula, 421 
solidissima, Mactra, 351, 352, 417- 
421, 432 
solidissima, Spisula, 351, 352, 417 
Solosinister, 301 
Sorex, 98, 178, 182, 191, 209 
arcticus, 182, 191, 209 
cinereus, 178, 182, 191, 209 
palustris, 182, 191 
rexroadensis, 98 
taylori, 98 
sparsicostata, Strobilops, 13, 97, 100, 
127 
spatulus, Titanotylopus, 99 
speciosus, Bufo compactilis, 98 
Speotyto, 74, 98 
Sphaeriidae, 220 
Sphaerium, 30, 31, 42, 76, 177-190, 
207-214, 218-222, 240 
cooper?, 1117, 132 
cynodon, 39, 117 
idahoense, 73, 76-77, 117, 122 
kettlemanense, 11, 48, 72, 73, 117 
lacustre, 86, 177, 180, 190, 218, 220 


lacustre jayense, 220 

lacustre ryckholti, 220 

meeki, 18, 117, 132 

occidentale, 181, 183, 185, 190, 207- 
211, 214, 220, 226, 240 

partumeium, 11, 97, 100, 190, 208, 

221 

rhomboideum, 181, 184, 185, 190, 208, 
218, 221 

securis, | 117; 179; 213, 218; 221 

striatinum, 11, 46, 55, 72, 73, 80, 86, 
117, 132, 181, 184, 185, 188, 190, 

208, 221 


sulcatum, 11, 97, 100, 177-185, 190, 
208, 209, 214 
transversum, 177, 179, 188, 190, 208, 
222 
Spilogale, 


vexvoadi, 99 
spiralis, Fluminicola, 132 
spiralis, Savaginius, 11, 51, 121, 132 
Spisula, 351, 352, 417 
elliptica, 421 
solida, 421 
solidissima, 351, 352, 417 
subtruncata, 421 
Stagnicola, 89 
montanensis, 89 
Stegomastodon, 99 
vexvoadensis, 99 
squamula, Anomia, 369 
stagnalis jugularis, Lymnaea, 
185, 188, 189, 225, 226 
Stagnicola, 263 
caperata, 177, 179, 181, 183, 185, 186, 
188, 190, 207, 225, 235, 239, 240 
cockerelli, 263 
exilis, . 177, 179, 181, 190, 207, 226, 
227 


181, 184, 


226, 235 
177-190, 207, 227 
Stenoglossa, 297, 300, 318-320 
Stenophysa, 107-111, 133 
aurantia, 111 
meigsii, 107, 109-111, 115, 133 
microstriata, 110, 133 
nicaraguana, 109, 111 
princeps, 111 
Stenotrema, 178-191, 207, 210, 252 
leat, 178, 119, 182, 183, 188, 191, 
207, 210, 252 
sterea, Hydrobia andersoni, 120 


palustris, 
veflexa, 
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sterna, 98 
stewartiana, Calipyrgula, 
stokesi, Paludestrina, 53 
stokesi, Tryonia, 53-54, 122, 133 
stovalli, Paradipoides, 178 
streblus, 91 
beccarü, 91 
striatinum, Sphaerium, 11, 46, 55, 72, 
73, 80, 86, 117, 132, 181, 184, 
185, 188, 190, 208, 221 
striatula, Venus, 397 
striatulatus, Eumeces, 98 
striatus, Pecten, 376 
Strobiligera, 300 
Strobilops, 13, 97, 100, 115, 127, 178- 
190, 207, 209, 228, 240, 249 
floridana, texasiana, 115 
labyrinthica, 178-183, 190, 207, 209, 
228, 240, 249 
139/97, 40052127 


11, 120 


sparsicostata, 
texasiana, 240 
texasiana floridana, 
Strobilopsidae, 240 
Stylia, 300 

Stylommatophora, 


115 


178, 181, 186, 188, 
190, 240 
subangulata, Anodonta angulata, 117 
subangulata, Gonidea, 117 
subangulata, Margaritana, 117 
subcrenata, Planorbella, 29, 70 
subfuscus, Arion, 338, 345 
subrostrata, Ligumia, 11, 97, 100 
subrotunda, Carinifex newberryi, 23 
subrudis, Oreohelix, 91 
subrugosa, Acmaea, 269-295 
subtruncata, Spisula, 421 
subtruncatum, Pisidium, 190, 208, 211, 
214, 223 
301 
13, 70, 86, 91, 94, 97, 100, 
103, 106, 115, 133, 178, 182, 186, 
188, 191, 227, 247, 263 
avara, 91 
grosvenori, 91 


Subulophora, 
Succinea, 


sanibelensis, 133 
Succineidae, 247 
Succineoidea, 247 


sulcatum, Sphaerium, 11, 97, 100, 177, 
179, 181, 184, 185, 190, 208, 209, 


214, 222 
superbus, Lithoglyphus, 73, 122 
supinum, Pisidium, 7,11, 72, 73, 118, 
132 
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suspectus, Bufo, 98 

sweeti, Procastoroides, 210 

Sychar, 300, 301, 310, 314, 318 

Sylvilagus, 192 

Symmetrodontomys, 99 
simplicidens, 99 


Synaptomys, 

australis, 192, 209 
Taenioglossa, 297, 318, 320 
taliensis, Lithoglyphus, 130 
Tanupolama, 75, 99 


blancoensis, 99 
Tapes, 351, 404-407 
japonica, 404 
pullastra, 404 
semidecussata, 
variegata, 404 

tappaniana, Gastrocopta, 13, 94, 97, 
100, 103, 178, 179, 180; 182, 183, 
186, 188, 190, 207, 209, 227, 241, 
248, 263 


351, 404-407 


taxus, 99 
taxus, Taxidea, 99 
taylori, Melania, 73, 76-77, 119-120, 
130, 132 
taylori, Nebraskomys, 75 
taylori, Sorex, 98 
taylori calkinsi, Goniobasis, 18 
techella, Bakerilymnaea bulimoides, 
12, 94, 97, 100, 103, 105, 122 
Tegula, 274 
viridula, 274 
Teleodesmacea, 177, 181, 188, 190, 220 
temminckii, Macroclemys, 98 
tenuis californiensis, Planorbella, 54 
tenuis chapalensis, Planorbella, 114 
Teredo, 351, 352, 397, 425-429 
megotara, 429 
navilis, 351, 352, 425-429 
norvegica, 428, 429 
Teretriphora, 301, 314 
terrapene, Hanensis, 191 
testudinalis, Acmaea, 275, 276 
Tetiobus, 191, 209 
Tetraclita, 269 
tetralasmus, Uniomerus, 
206, 208, 217, 218 
Tetraphora, 301, 310, 314 
texasiana floridana, Strobilops, 
texasiana, Strobilops, 240 
tigrinum, Ambystoma, 186 
Thais, 271 


181, 184, 190, 


115 
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Thamnophis, 114, 98 
Thiaridae, 7 
Thomomys, 75, 182 


gidleyi, 75 
thremma, Brannerillus involutus, 124 
Titanotylopus, 99 
spatulus, 99 
Torresophora, 301 
transversa, Arca, 351, 357, 361-365 
transversum, Sphaerium, 177, 179, 
188, 190, 208, 222 
tricarinata, Valvata, 177, 180, 181, 
184, 185, 186, 187, 188, 190, 
208, 209, 224 


tricarinatum, Orygoceras, 119, 132 

tricincta, Viriola, 298, 302, 307, 309, 
316 

tridecemlineatus, Cittelus, 182, 191 


Triforis, 298, 300, 301 
plicata, 300 
Trigonictis, 99 
kansasensis, 99 
Triphora, 297-324 
bayani, 316 
gemmata, 316 
gigas, 315 
incisa, 301 
lutea, 316 
montrouzieri, 297, 300, 312, 314 
nigrocincta, 297, 300, 312, 317 
oceanida, 316 
otsuensis, 297-300, 309-313, 317 
perversa, 297-301, 309, 312, 316, 317 
Triphoridae, 297-324 
Triphorinae, 297, 313-318 
Triphoroidea, 297, 300, 314, 320 
trivadicatus, Ondatra, 178 
Tristoma, 300, 301 
Trituba, 300, 301 
trivolvis, Helisoma, 89, 177, 179, 181, 
184, 188, 190, 208, 233, 239, 263 
trivolvis, Planorbella, 106 
trivolvis, Planorbis, 54 
trivolvis intertexta, Planorbella, 113 
Tropicorbis, 264 
tropidogyra, Pyrgulopsis, 
truncata, Mya, 425 
tryoni, Vorticifex, 


42, 44, 121 


7,35, 36, 70 


Tryonia, 48, 53-54, 122, 133 
protea, 53-54, 133 
stokesi, 53-54, 122, 133 


tuba, Orygoceras, 13, 78, 119 


tumidus, Planorbis, 54 


turbiniformis, Lithoglyphus, 24, 27, 132 
Turritella, 75-76, 120 
bilineata, 75-76, 120 


turritella, Lymnaea, 123 

twentei, Eonydoidea, 186 

Typha, 236 

ultramontanum, Pisidium, 26, 27, 31, 32 

umbilicatellus, Promenetus, 12, 35, 36, 
74, 80, 86, 89, 92, 94, 97, 100, 
103, 126, 133, 181, 183, 185, 188, 
190, 208, 226, 235, 239 

undata, Mastonia, 298, 306, 315 


Uniomerus, 181, 184, 190, 206, 208, 217, 
218 
tetralusmus, 181, 184, 190, 206, 208, 
2174218 


Unionidae, 217 
Urocyon, 99 

progressus, 99 
Ursidae, 75 
ustulata, Mastonia, 298, 306, 315 
utahensis, Anculopsis, 80, 119, 132 
utahensis, Fluminicola yatesiana, 69, 


121, 132 
utahensis horatii, Valvata, 21, 132 
utahensis, Lioplax, 132 
utahensis, Lithoglyphus, 80, 122 


utahensis, Radix ampla, 25 
utahensis, Valvata, 17, 21, 48, 132 
utahensis, Vorticifex, 80, 125 
vagus, Pratilepus, 75 
valens, Planorbella, 114 
valida, Rana, 98 
Vallonia, 13, 80, 86, 97, 100, 178-191, 
207, 246, 247, 263, 264 
albula, 246 
cyclophorella, 86, 186-188 
gracilicosta, 13, 80, 97, 100, 178-191, 
207, 246, 263, 264 
parvula, 13, 178-191, 207, 247, 263, 
264 
perspectiva, 13, 97, 100 
Valloniidae, 246 
Valvata, 30, 32, 33, 36, 66, 177, 180- 
190, 208, 209, 224 
calli, 66, 118 
densestriata, humeralis, 118 


horatii, utahensis, 21, 132 
humeralis, 11, 21, 37, 46, 70, 72, 73, 
80, 86, 87 


humeralis densestriata, 118 


458 
incerta, 80, 118 
oregonensis, 118, 132 
platyceps, virens, 11 
tricarinata, 177, 180, 181, 184-188, 
190, 208, 209, 224 
utahensis, 17, 21, 48, 132 
utahensis horatii, 21, 132 
virens platyceps, 11, 118 
whitei, 118, 132 
Valvatidae, 224 
Valvatoidea, 224 
vanvlecki, Menetus, 12, 50, 126 


variable, Pisidium, 177, 180, 181, 184, 
190, 208, 209, 211, 218, 224 

variegata, Tapes, 404 
Vaucheria, 224 
Venerupis, 357, 404 

philippinarum, 404 

pullastra, 357, 404 

semidecussata, 404 
Venus, 351, 354, 393 

campechiensis, 351, 397 

gallina, 397 

mercenaria, 351, 354, 393 

striatula, 397 
venusta, Pseudosuccinea, 
venusta, Radix, 133 
vermicularis, Planorbis, 54 

Vertigo, 12, 86, 94, 97, 100, 101, 103, 

115, 126, 178-191, 207, 209, 214, 
242-245 
elatior, 182, 183, 188, 189, 214, 243, 
244, 245 


70, 133 


gouldi, 
hibbardi, 
milium, 


86, 189, 243, 245 
12, 97, 100, 101, 126 
12, 94, 97, 100, 103, 178-191, 
207, 209, 227, 243 
modesta, 86 
ovata, 94, 178-191, 207, 209, 242, 243 
vetus, Hypolagus, 75 
vexillarius, Pliomastodon, 50 
vincta, Pyrgulopsis, 11, 72, 121. 
virens platyceps, Valvata, 11, 118 
virgata, Physa, 12, 54, 55, 93, 94, 97, 
100, 103 
virginea, Acmaea, 275, 276, 291, 292 
virginica, Crassostrea, 351, 354-359, 
372, 376, 383, 386-390, 403, 431 
virginica, Ostrea, 383 
vividula, Tegula, 274 
Viriola, 297-302, 307-318 
connata, 298, 307, 316 
tricincta, 298, 302, 307, 309, 316 
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vison, Mustela, 192 


Viviparus, 107, 109, 115 
georgianus, 107, 109, 115 
Vorticifex, 131 
binne yi, 31 
condoni, 125 
durhami, 42, 125 
effusus, 12 
gesteri, 62-63, 66-67, 125 
laxus, 125, 133 
minimus, 80, 125 
packardi, 125 
tryoni, 71, 35, 36, 70 
utahensis, 80, 125 
whitei, 45-46, 125 
Volsella, 368 
demissus, 368 
Volutidae, 313, 317 


vulgata, Patella, 280 
wahlamatensis, Anodonta, 37, 40, 42-44 
walkeri, Pisidium, 188, 190, 208, 209, 
211, 218, 224 
wattsi, Physa, 12, 126 
weaveri, Lithoglyphus, 73, 122 
wetmorei, Reithrodontomys, 99 
wilsoni, Planorbella, 107, 111-113, 115, 
125, 132 
williamsi, Pyrgulopsis, 133 
williamsi, Savaginius, 48, 121, 133 
whitei, Aphanotylus, 713, 78, 118 
whitei, Valvata, 118, 132 
whitei, Vorticifex, 45-46, 125 
wheatleyi, Retinella, 13, 97, 100 
woodringi, Juga kettlemanensis, 
woodringi, Littoridina, 130, 133 
woodringi, Pisidium, 13, 118 
woodringi, Zetekina, 12, 121 
yatesiana, Amnicola, 133 
yatesiana utahensis, Fluminicola, 69, 
121, 132 
11, 37, 42, 44, 
48, 121, 133 
yavapai, Oreohelix, 84, 86 
Zapus, 99, 181, 182, 192, 210 
hudsonius transitionalis, 182, 192, 210 
vexvoadensis, sandersi, 99 
rinkeri, 99 
sandersi rexroadensis, 99 
Zenaidura, 98 
macroura, 98 
Zetekina, 7,12, 121 
woodringi, 12, 121 
zibethica, Ondatra, 


11, 119 


yatesianus, Savaginius, 


182, 192 
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Zonitidae, 249 arboreus, 13, 55, 97, 100, 106, 182-191, 
Zonitoidea, 249 207, 248-252 
Zonitoides, 13, 55, 97, 100, 106, 182- nitidus, 191, 207, 209, 228, 250-252 


191, 207, 209, 228, 248-252 


DIRECTIONS TO AUTHORS 


Malacologia will publish original monographs and 
longer papers devoted primarily or exclusively tothe 
study of mollusks. It aims to provide a common 
medium for such different aspects of malacology as 
anatomy, ecology, medical malacology, paleontology, 
physiology and taxonomy. The journal will try to 
combine scholarly standards with prompt publication. 
All manuscripts will be reviewed by at least two 
editors. 

Manuscripts (for the time being) may be in English, 
French, German, Russian or Spanish. They must 
contain a concise but adequate abstract for trans- 
lation into the other languages. Manuscripts should 
be typewritten and double-spaced and are to be 
submitted in duplicate (carbon copy on thin paper). 
Figures should be carefully executed and with figure 
numbers and labels large enough to be read easily 
after reduction. 

Style will be changed as little as possible, and 
then mainly in places of possible ambiguity or where 
economy of space may be achieved. Contributors in 
the English language are advised to follow the 
recommendations of the “Style Manual for Biological 
Journals” obtainable from the American Institute of 


Biological Sciences, 200 P Street, N. W., Washington 
6, О. С. In particular, simplified practices, such 
as the following are favored: numbers should not 
be written out except at the beginning of a sentence; 
percentages following a number are expressed as 
%; abbreviations of measures (after a number):mm, 
ml, kg, etc. have no period, nor an s in the plural. 

Bibliography. See current number of Malacologia 
for desired form of citing. 

Reprints. Authors will receive 25 gratis; additional 
copies may be obtained at cost price if ordered at 
the time off-set proof is returned. Later orders 
cannot be considered. 

Correspondence. Address manuscripts to an ap- 
propriate Editor according to area of specialization 
or geographic location. Subscription requests, 
payments and enquiries should be sent either to 
the Managing Editor, J. M. Huber, Museum of 
Zoology, University of Michigan, Ann Arbor, Michi- 
gan, U. S. A., to C. J. Duncan, Department of 
Zoology, University of Durham, England, U. K., 
or to E. Fischer-Piette, Museum National d’Histoire 
Naturelle, 55 rue de Buffon, Paris V , France. 


ANWEISUNGEN 


Malacologia nimmt Originalmonog raphien oder lán- 
gere Arbeitendie sich hauptsächlichoder ausschliess- 
lich mit dem Studium der Mollusken befassen zur 
Veröffentlichung an. Unsere Zeitschrift bezweckt den 
verschiedenen Gebieten der Weichtierkunde wie z.B. 
der Anatomie, Ökologie, Paläontologie, Physiologie, 
Taxonomie oder der medizinischen Malakologie ein 
gemeinsames Ausdrucksmittel zu schaffen und istbe- 
strebt strenge wissenschaftliche Anforderungen mit 
raschester Veröffentlichung zu vereinen. Beiträge 
werden von zumindest zwei Redakteuren geprüft. 

Beiträge können gegenwärtig in englischer, fran- 
zösischer, deutscher, spanischer oder russischer 
Sprache abgefasst sein; ein kurzer, jedoch genügend 
vollstandiger Auszug wird verlangt, zwecks Überse- 
tzung in die anderen Sprachen. Manuskripte sind 
mit Schreibmaschine, doppelzeilig auszuführen und 
in zwei Exemplaren (Durchschlag auf dünnem 
Flugpostpapier) zu unterbreiten. Zeichnungen 
müssen sorfältigst ausgearbeitet sein und Bezeich- 
nungsziffern, -Buchstaben oder sonstige Inschriften 
gross genug, um nach Verkleinerung immer noch 
deutlich lesbar zu bleiben. 

Styl. Die Schriftleitung wird die Schreibweise der 
Abhandlungen möglichst wenig abändern und zwar 
hauptsächlich um Platz zu sparen oder um allfällige 


Unklarheiten zu vermeiden. Es wird gebeten Zahlen 
nur am Anfang eines Satzes voll auszuschreiben und 
sonst in Ziffern auszudrücken; Hundertsätze (nach 
einer Zahl)werden mitdem Zeichen % wiedergegeben: 
Abkürzungen der Masseinheiten wie mm, ml, kg, 
usw sind ohne Punkt zu schreiben. 

Schrifttum. Die gewünschte Form ist aus jedem 
beliebigen Heft von Malacologia ersichtlich. 

Sonderdrucke. Die Verfasser erhalten zumindest 
25 Stück unentgeltlich. Zusätzliche Exemplare 
können zum Selbstkostenpreis erworben werden; 
Bestellungen sindgemeinsam mit der Korrekturfahne 
einzuschicken; spätere Bestellungen können nicht 
berücksichtigt werden. 

Korrespondenz. Manuskripte sind an einen der 
sprachlich sowie im Gebiete zuständigen Schriftleiter 
zu senden. Abonnementsbestellungen, Zahlungen und 
sonstige Anfragen sind entweder an den “Managing 
Editor,” J. M. Huber, Museum of Zoology, Uni- 
versity of Michigan, Ann Arbor, Michigan, U. $. A., 
oder an Herrn C. J. Duncan, Department of Zoology, 
University of Durham, England, U.K., oder 
an Herrn E. Fischer-Piette, Museum National 
d’Histoire Naturelle, 55 rue de Buffon, Paris, France, 
zu richten. 


DIRECTIVES 


Malacologia publiera des monographies originales 
et de longs mémoires consacrés principalement ou 
exclusivement à l’étude des Mollusques. Il se propose 
de constituer un organe d’expression commune ou 
soient reunies les diverses branches de la 
Malacologie, telles que l’anatomie, l’écologie, la 
paléontologie, la physiologie, la taxonomie, la 
Malacologie medicale. Il s’efforcera d’associer la 
rigueur scientifique 4 la rapidité de la publication. 
Chaque manuscrit sera examiné au moins par deux 


des rédacteurs. 

Manuscrits. Il est convenu pour le moment, qu’ils 
pourront être en anglais, français, allemand, 
espagnol ou russe. Y joindre un resumé bref, mais 
suffisamment complet, pour traduction. Les manu- 
scrits doivent être dactylographiés à double inter- 
ligne et fournis en 2 exemplaires (le double sur 
papier mince). Les dessins sont à exécuter 
soigneusement, avec lettres, chiffres ou autres 
inscriptions d’une taille suffisante pour demeurer 
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